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The Very Iistgenious 

Charles Du-Bols, Efq; 

OF THE 

City of London. 
SIR, 

IL Perfon who comes upon the 
^ XaL Account that I do ; to re* 
turn Thanks for Kindncfles out 
* of the common Road ; to have 
anfwer'd his Defign the more ef- 
fedualy, (hou*d have found fome 
other Way fori: than this. A Man 
feems but poorly to exprefs his 
Senee of Favours that are altoge- 
ther extraordinary ; when the Me- 
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^Epiftle Dedicatory, 

thod he takes to do It in, has the 
little Chara&er of being a vulgar and 
cufiomary One. Such is a Dedica- 
tion : A Thing written every Vdy ; 
by every Pen ; and to every Perfin : 
The ftanding Compliment, that 
paffes upon all Occafions ; and that 
which infolvent Debtors fthofe 
that woii'd be juft) have everrnade 
a Trade of Offering, inftead of 
Payment. One therefore that is 
confcious of fo great a Debt fas 
I wou'd be thought to own by this 

Addrefs)' muft neceflarily lie un- 
'der a mighty Difad vantage. For 
'neither gr^t Obligations on the 

one Hand, nor the Acknowledge- 
' ments of a grateful Mind oh the 

other, can (by any Pairititig here) 

ever appear to be what they are. 

A Man may defcribe the " Favours 

.of 
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Epiftle Dedicatory. 

of a generous" Friend, and his own 
juft Sence 'and Refentments of 
them too : Bat after all ; be they 
ever fo great in themfeives, they 
ieflen by coming down into this 
Way of Reprefentation. Notwith- 
ftanding this, the Gr^at Law ofGrd^ 
titude urges me to ob^y it : And 'I 
have c6ncluded, 'tis bettec to :do 
it with fome Difad vantages ; than 
to incur, the Guilt of. a total Neg^ 
ItSt. Be pleafed then (Si r) to I^ 
this ftand as the Monument- of k 
Gratitudethat vpoudhiive be^hgrejiti: 
A fmall and trivial Acknowledg- 
ment I confefs : But yet the ge- 
nuine Product of that, which is 
allow -d to add a Value to the raoft 
defpicable Things : For fueh is a 
fincere good Will. Had there been 
no Reafons on my part ;^ and I had 

* A 9 con- 
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Epiftle Dedicatory, 

confider*d only thofe that are to 
he drawn from your fclf ; this Bot^ 
had been infcribed to You of courfe. 
Every Subject that's fine and cu-> 
ribus doesvof Right belong to You : 
But Philofopbkal Matters are pecu- 
liarly Tours, In the Midft of all 
Your weighty Bufinefles, You find 
Time to converfe with Nature, to 
fo good Purpofe ; that thofe that 
know You fo well, as 'tis my Hap 
pinefs to do, are fenfible She's 
fond of Your Acquaintance ; and 
does by very particular Favours 
bribe Yoii to continue it. And 
tho' the Liberty I take in afferting 
the Truth may give fome Um- 
brage to a Vertue (which at preftnt 
fliall be Namelefs) yet fo much do 
I confide in the B:ote(aion of Toar 
Temper J that I date venture to en- 

* flamie 



Epiftle Dedicatory. 

^me the Reckoning ; 111 confefs 
the Crime to be voluntary and pre- 
fumptuous, and that I knew before- 
hand, how niee and tender You 
were in this Point. If You (S i r.) 
think fit to carry on fuch a Defign, 
as that of hiding Beauties, which 
ought to be expofed to the World : . 
You muft pardon thofe People that 
a6fc fo good a Part, as to difcover the 
Contrivance^ and fo are free as to 
fay, 'tis the only Peice of Injuftice 
You can be guilty of. Whatever 
Vi^es, Addrefles of this nature are 
commonly chargeable with ; mine 
to You, has Two Vertues to re- 
commend it, Truth and Innor 
cence. For 'tis true in the high- 
eft Degree, that You have made 
me Your Debtor ; as You do the 
Reft of Mankind Your Admirers. 

A 4 N9^ 



Efiftle Dedii^tory, 

Nor is it lefs true, that I do witli 
the greateft Pleafure fubfcribe niy 
felf. : ' 



* » * 



% 



Tour mojt Obliged Wtendy 

' ' • . ■ • ' ' ■ ' 

^ai 'vety Humble Servant^ 



H. D 



I T T O N, 



^ * * •> 



»i^b« 



Li»i1l Mt ^1 Ml -^ •-- 



r.^.jiFM«ii m^0mm 



THE 



^^^•Mip 



. T H E 

PREFACE. 

i 

IA^ this little Treatife I have endexvour^d 
to explain that Part of Mr. NewtonV 
Principia, which is Fundamental to the 
Jie^ qf the Divide Book ; and farticularly to 
the Syftem of the World, And I have all 
along taken Care to render Things fo far plain 
and eafie^. that they may. he under flood py all 
fhofe that mil hejlow fome AffhcMion upon 
themy and ha:ve a competent Share of the ne- 
(?ffary furnitt^re, namely Algebra and Co- 
nick Seftions. ^Tis entirely owing to the flu- 
fendious Qienius and Sagacity of this Author^ 
that we have any fuch Theorems now extant 
in the fVorldy as thofe which his incomparable 
Book contains ^ The Difficulties in the Theo- 
ries of the Heavenly Bodies might have con- 
tinued a lafling Reproach to the Mathematicks 
(f our Earthy • if fuch a Mind as his had not 
undertaken to vanquijb and remove them. 

The Materials that this Book is conspofed 
of J are fo ahfolutely Mr. NewtonV Property^ 
that I dare hardly pretend to call any thitsig 
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The PREFACE. 

mine. The Principles mofi certwdj mre JL 

his own : And ff I have ottenMed any where 
to make a^ Vfes <f them^Z to diaw >m, 
Confequemes from them ; yet the indiffu^ 
table Right tiat he has to the^ Former ^ gives 
him a Title to the Latter alfoy tpbere they 
are jufi and goed. This is eertainj that his 
Inventions itre new and com fie at ; and eauakf 
exclude all the Additions and Claims ofthofe 
that come after. But that I may not U ima- 
gined to throw my Mifiakes (if I have com- • 
mitted anf) upn the Great Author y and hy 
faying all is his^ either be though to refieB 
on him^ or to dejign to fcreen^ und jbelter my 
felf: What foe ver is amifs andfauky^ I take 
St entirely upon my felf ^ and declare it not to 
be the EfeSl of the Principks that jhott?d have 
guided me J but of my own Inadvertency tooy 
and not being guided by thm. 

And as 1 ought not to have omitted (or 
faid lefs than) thiSy upon this Head ; fo the 
flriSleft J^ftic^y ^nd the Rules of good M^* 
nersy as I apprehend the Mattery did bt^h 
oblige me to faji what Inter eft he had in this 
Book, and how many Ways ^tis his own : Far 
tho\ there^s no manner of Danger in not own-- 
ing Mr. NcwtonV Theorems ; and his Inven-^, 
tionsy in what Hand foever they are^ will 
eafily difcover and point to their true Author ; 
yet it ferns At liajf handjbme and defient for 
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4 Mm to tell the WcrU fUinly iphen he tskes 
Apf fuch Liberties. 

As for the Reception this Undertaking u 
like to met mth in the World, I have no Vn^ 
eajinefs at aU about the Matter. Some People 
(ry aon^n aS Books of cotirfe^ that are not writ 
iy themfehes, or thofe of their own Faction : 
As others do out of pure Spleen^ becaufe the 
iS-natur^d HuijeSi won^t fioop to their Vnder" 
fiandings. Some People again naturaiy lave 
to fnd Faulty their Genius prompts them to 
fnarle and cenfure^ and they take the fame Plea^ 
Jure and SatisfaBion in that^ that others do in 
the^eiry heft Emfkymlnts of their Minds. In a, 
Wordy every Man thatwrites^ and every thing 
tbatl^s, written, runs the Rifque of a Thoufand 
Cenfures: As many at leaji^ as there are Preju^ 
dieesy Hamoms and Fancies to be met with. The 
Fates of good and bad Books are very often like 
thofe of good and bad Men in this World: So 
uneertmn andconfujed^ tkat the true Char oilers 
^ either are oftm not to he known. In Writing 
as well as in Manmers, he that does Ulmajfehance 
to be commended forHy and he that does well 
wUhof^ a jufi ReeompencCy oe^ght to remember 
ifhatmofjy a good Thing has been ferv^dfabef ore. 

If any Perfon thinks this Work woe^d have 
become Ms own Hand better than mme ; PU 
eafily yield that Point to kien^ Far isW 4 
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The PREFACE. 

grHtmrny thA^make a, Noife and a Bufile^ 
can do little eljh hut that : Tet there arejime 
that mil boafi and fe^form too ; fo unlucky a 
Lodging have their good Qudities gotten. I 
defire only it may be minded^ that my Design 
here^ is- not, to entertain thofe that are of an 
advanced Standing in this noble Fhilofophy^ 
but to introduoe thofe 4hatwou^d be acquaint- 
ed with it, ,and have as much Mathematicks 
-AS is necejfary to qualifie them for it. And 
therefore upon fuch an Account a Man is obli- 
'gedta defend to a Multitude of little Things ^ 
that other jpifi woi^d not be mce^ary^ and may 
fiem to take, ojf from the Elegancy of what he 
does. ^Tfpou^d be an eafie\Matter^ either h 
pmittingat fir(t^ or afterwards taking off^ fe- 
\veral ufeful Superfluities brought in for the 
Sake of Beginners^ to make Things of this 
JQnji appear^ in a more pleafii^ Drefi, even 

■ - • ' 

^ • Farther J To render what I have done mate 
univer folly ferviceable here at Home, I chafe 
to make it appear in Englifli rather than 
Latin. For if it be granted that Mr. New- 

• tonV Pifcoveries are but barely ufeful^ therms 
: no Reafbn why a Multitude of very capable 

Minds jbou'^d be debarred from them meerly 

• for want of a Language. But if it be grants 
. ed (as it will be hy all that know themy that 
' fhey are (be fine ft Pieces ^f Human JK^owledge 
:- in 
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in the World^ then the Reafon gro:vs "very 
firong^ vphj they Jhou^d be fut in fuch a iLan-- 
mAge as they utfderfiand. Again^ a Man is • 
iound to believe thatjhe Illuftrious Authot 
dejigf^dy what he was f leafed topublijhj jhou^d* 
be known ; and that not to a few Per Jons onljf 
n^ho fortunately had the 'Advantage of an £- 
due at ion ; but to all whom Nature had quali- 
fied with good Rfofon^ and their own Indu- 
fir J with Skill in 'Mathematicks^ To think 
lefs than this^kis to fuppofe him capable of en- 
h;ying a Part of Mankind the Kjiowle^ge of 
his Dtfcoveries\ which wou'^d be no fmall Af- 
front to a Soul much lefs than his. Nort if 
there be any that fhou^d fay ^ ^tis to leffen and 
;defretiate thefe fublime Pieces of Philofophy to 
expefe them to the Vulgar by a Publication 
in 'EngViih : That they ought to be entrufied 
only with thofe that have Skill and "Judgment 
to make a right Vfe of them : And (in a 
Word) that others y ^ going away with crude 
imperfeSf Notions ; will do themfelves no 
. KJndnefsj and difparage the Things they talk 
of into the Bargain. 

* Thus indeed^ T copfefs^ do fome People argue 
for keeping the "Sacred Books in an unknown 
' Tongue : But. r^^ jpretend to A prdteflaht IS- 

berty^ at leaft' wimjefpeB'to our Philofipfy. 

And methinki both in the one and the other 

^Cafe J ^tii unreafonabk thaj^ thofe that n'ou^d 

make 
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Udke d food Improvement ; Jbou^d he kept ifi 
' DarkmjSj for the Sake of them, that wou^d 
ahufe their Light. If a curious Treatije 
fbou^d Mt appear in the vulgar Tofsgue of a 
Country^ for fear fome People jb&ud play the 
Foot mth it^ atU make an impertinent Vfe of 
what it difc&vers : ^Tmll he very hard to fhd 
what La^uage it ought td he printed in. 
For ^ti6 no unlikely thifig that there fbou^d 
be Fools of all Nations and Languages^ and 
^tis Ten to One hut fome of thefe^ do meet mth 
MS Author^ whid) foever of them all he chufest 
We vainly flatter our felveSy no douht^ to 
think we have fecured afne Thing from vuU 
gar Vnder (landings^ iy putting it into Latin* 
For we ought to believe that there are Afe- 
th^micks in Learning, as weVL as in Trade^ 
and fome vulgar People that drudge 0ith Books ^ 
as well as others with Spades and Hammers^ 
^were well if all Men cou^dget Skill in Lan- 
guages ; hut good Senfe am this Skill are 
very often Ho Friends to each other ^ and 
won^t live together in the fame Head. And 
^ when they are apart ^ methinks, '^tis no hard 
Point to determine on which Side the vulgar 
Vnderfianding lies. But to anfivef them us at 
wonH other Wife he anjwer^d ; let them confider 
in mhat Language our mofi celehrated Geo- 
metry Profeflbr, Capt. Halley, has sonde- 
pmded to puhlifif a good part of his invaluable 

Performances* Mdlet ^em confider Mr. New- 

tonV 
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t?onV Book of Light and Colour Sy vphere tU 
rich Treajures lie exposed alfa in our own 
Tongue. 

And now I hme done with that Matter : 
I fhoB only add as to the Book it felf that^ 
1 hope^ the Berufal, of it wiM neither be un^ 
f leaf ant nor unproftMle to the ingenious weM 
qualified Reader. And when he comes to per^ 
ceive the Vfe md Advantage of thefe Things f 
and bow thy tend to lead him into the mofi 
profound and pledfing Speculations of Naiure ; 
let him then return his Thanks to the great 
Genius to whom aU this is owing; and if he 
thinks it fit to allow mj^ Pains asrf littk 
Share of his Acknowledgment^ he^U make mt 
his Debtor thereby^ and bind me to farther 
Estdeavours for his Service^ 

Butthd I have trefpafs^d upon the Reader'^ $ 
Faience thm longy I mufi beg his Pardon^ 
if I difire the ContinuMnce of it yet a little 
longer. The Laws deliver d in this Treatife 
relating to the Motions, Forces and Velo- 
cities of Bodies^ are but very particular and 
narrow Things^ in refpeil of that great and 
univerfal l-aw of the Worlds that jMotioa 
is efloitial to Matter. The Perfon that adr 
VMces^is (and paff^s his Word for the Truth 
mit) iiT ik^. Toland^ whohaswrttjen a Urge 
Letter abottt it y which msgf ke feen in his B(^^ 

en- 
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eniituled^ Letters to Serena. Jnd as 4// 
t^egredt Laws of Nature are capable of ma- 
ny excellent and profit able Applications ; fo 
the Vfei of this Principle are (if we dare be- 
lieve him) both very many and i^iry great, 
lis a Clue that wtU faithfully guide" a Man 
thro" fome of the mofi perplex^ Difficulties 
in Nature^ and enable him to give fuch So- 
lutions^ as cannot be' given any other W^. 
Mr. Toland fays as much as this amounts 
to of it ; which is the fame Things as if 'he 
had f aid in other Words, That ^ twill •conduce 
tQ the making Philofophy as little myfteri- 
pus^ Chriftianity itfelf How little that 
is^ he ^ perhaps^ very well knows y And- how lit- 
tle Darknefs this Notion leaves in one parti^ 
tuUr P OS /J tin Phyficks^ wkhout any thing of a 
Perhaps, 1 am jure I do know. For to give a 
clear and fatisf a fhry Account of the VisMo- 
trv& and th? Vis Imprefla; he fays, That the 
Vis Motrix is the general and effential Jifii 
on of Matter; and the Vis Imi^rtSk the par- 
ticular Determination of that general Action. 
How, this mikes all the Myftery of 'the Buji^ 
nefs vanrjh at once^ and the Philojophets need 
torture their He a:ds about it ndl&nger. In a 
Wordy other People may think asHhey pteafe^ 
but Imufl be excufedy-tfl pretend to believ^^ 
that Mr.Tahn&isinJeff, ahddSfsa Part. 
^Vis much more civil tojuppofe this^ lamfure^ 
than to believe, him to be in Edrnefi. For 

when 
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tdfen a Man appears to be warm aniferiotii 
in the ManagePnehtof a SubjeSi^ talks avafi 
deal upon it^ [peaks with the lafi Degree of 
Ajf^rame^ andy after all^ f^s nothing to the 
T^rpofe: To fay y Me believes what he fays ^ is 
to give bim the ill Name of a Fool^ and to 
call him fenflefs and ftufid ; vphicb are Terms 
I- iPOu^d ufe to no Man. But to fake that 
Part which / do^ is at mofi but to make him 
it Uttk Trickijbly dijpojed^ and to love (jn a 
merry Way^ to put upon Peoples Vpderfiand^ 
ings; which CharaBfr^ perhaps may feemlefs 
dyp leafing and dif agreeable to Mr. Toland, 
than the former. In Confidence cf thiSj I en- 
deavour to jufiifie my Surmife, by the foU 
iowing Reajfops. 

I* Becauje be takes ^particftldr Care to uje 
no Argument^ but fuch as he is fure not to 
tonclude with : And if he does pretend to 
frw6 his Pointy ^tis in fuch a Manner as 
can ne^ pqffibly perfwade the Reader to be 
ifhh Mind. 

2. When he takes Notice of any thing that 
mtffhe an 6bjeSlion4n hu Way^ he deals with 
it'in^, A very Qektkman-like Manner ; foftly 
and tenderly J wi^nfut making airf rude A^auh^ 
i>\r cft^gth If aft Violence to it. 
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• 

^ . He is no lefs certain to baulk his Res^ 
der^s ExPe^dtion^ than he is cdreful to raije 
it : Ana after he has made very liberal Pro^ 
mifes^ does neither f erf arm them^ nor Mk 
Par don for the Omifjion. 

4. He oppofes very groundUfs fr^tarioas 

Notions to Truths that are fufficiently proved^ 

and lays his own Opinions mthout any Res^ 

fonSy in the Ballance mth Truths that are 

capable of Demonfiration. 

And when a Man does fuch Things as 
thefiy '^tis not unreafonable tv Ju/pe^^ that he 
is either in Jef^ or out of his Wits : But the 
frft Suppojition is the more good-natur'^d and 
gentile cf the TwOy and therefore I rather ptake 
that than the other. 

Let us now briefly attempt the Jufiificatim 
of thefe Reafons alledged. * And in ordfif to the 
-firHy we may obferve^ that this Gentleman 
exprejfes his Mind about Motion^s being ef 
fential to Matter with the utmoft Plainnefs 
and Perfpicuity ; fo tffat Ujs impo/fible to doubf 
of or mijiake his true Meaning. I hold, 
(fajs^ he Pag. 1 59.) that Motion is effential 
to Matter ; that is to fay, as inferrable 
from its Nature as impenetrability or Ex- 
tendon, and that it ought to make a 

Part 
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Part of its' Definition. Jni (Tag. i6i.) 
My only Bufinefs is to prove Matter necef- 
farily aftive, as well as extended. Andy 
to qubfe no more^ he tells us (Tag, i68.j He 
maintains, that Matter can be no more 
conceived withduf Motion, than without 
Extenfion, and that the one is as infe- 
parable frohi it as the othdr. N'ow^ after 
he has (in LtttQrV .y /pent fever ai Pages in 
difcoitrfing upfi the uncertain and changedbU 
State &f Matter every where iri the Vniverfe ; 
fbemngy that the Parts of it undergo a Thou- 
fdnd Viciffitudes and Alterations^ and this 
in Bodies of aU Forms and Textures j even 
thofe whieh tve fufpe0 the leajt liable to fuch 
Changes. Having done this^ he comes toga^ 
ther up all into a €onclufion, and infers after 
this mahner (Pag. 2dl.) I think, after 
all that has been laid, I may now venture 
to conclude, that Action is eflerttial to Mat- 
ter ; fince it muft be the real Subjeft of 
all thofe Modifications, which are call'd 
Local Motions, Changes, Differences or 
Diverfities: And principally, becaufe ab*- 
folate Repofe (on which the Inaftivity or 
I.umpiflbnefs of Matter was built^ is en- 
tirely deftroyM^ and prov'd no where to 
Cdft. Nov^ ait thish fo perfeifl) Foreign to 
Afr.Toland V Purpofeithat out of 1 006 People 
that fifOtPd grant him the Truth of his Premtfes^ 
*^99 at leafi tpou^d deny that his Conclufion 

a 2 fol^ 
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followed frmn it. Grant that the Parts €f 
Matter tvery inhere throughout the Vnivtrje 
(thd^ his Proofs do not pretend to xeaehja] 
jar) mre in this State of continual Flux and 
Change. Grant that they undergo all the Re^ 
moves and Shif tings of Place and Form that 
he/p^aks ofy .and Ten Thoufand more. Let it 
he taken as a Truth ^ tl^at there is no ahjolute 
Repofey but Motion in all Syfiems of Matter^ 
both greater and lefs : And after ally J yiy, 
(^id Colli^is inde ? fViU it foSow^ that thss 
ji^ion is of the Ejfence (f Matter^ and that 
Matter car^t he Matter without it? By no 
Means in the World. Mr-^ Toland car^t but 
know J that '^tis no good Arguing to fay^ this 
Tbif^ is fo^ in FaB, therefore His naturalfyi 
necejjarilyy ejfentially foy and impoffihle to be 
otherrvife, 1 find this Thing may be predicated 
of this Subj0y, and therefore the Subject 
cat^t exifly carj^t be deffifd^ can^t be conceived 
of without it. If this were allow/Ale^^a Man 
wight infer a Multitude of Things that are 
ngtorioujly falfe and abfurd^ and which all 
Mankind will grant to be foy at the frft Hear^ 
ing^ And therefore I xmid hope I need not 
quejlionbut he was awar^of ify. and took this 
• Method of prauingonly ta jbew^ jhaty howeifer 
be was pleajed to banter j. he did Mt belike 
i»ha$ he foul tobe trttt. 

h 
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. In the next PlacSy as ,to his Way 4f treaty 
ing ObjeiiionSy we fl)^ll find him.^*v0r curioufy^ 
oi^Jerving the Motions of a Difficulty towards- 




tigf of hodies equal in Bulky ieing urged to 
prove a Vacuum,. /roip whence thf Jn^Hvity 
of Matter w^u^dh fairly infer r'^d, Mr.To- 
land takes Ncti^^of it (Pag. i8^-) andass 
it deferves a Ref/jj fo he befiqm an^ Anfwer 
of Two whole Pages ^upon fit. He returns^ 
That a M*n th^t urges this, muft fup- 
poie Levity and Gravity not to }?^ meer 
Relations i the Cpmparl^fops of certain Si- 
tuations, and exterfl^l Freffures : But th.at> 
they are real Beings, and jabf0lute inhe* 
rent Qualities, which is npw by every 
Body exploded, and contrary tpthe Rule? 

of Me^hanicks. Here norj^ ii the ^utions i 
From whence he diver geis inm^diately 4s far m 
the origtnAl Qiaps it felf^ where he fays-^ 

That there couM he no. Gravity or Levi- 
ty v ^^^j That thefe QiJaUlii^s wlioljy de- 
* pend on the Cpjiftitution and Fabrick pf 
the.Upberfe. Jsfor the,Qh^<ys it felf^ he 
affirm J The Notipn of it is ^s contufed 
and monftrous, as the Injport of the 
Name ; and built in every Step on Sup- 
pofit,ipns that are not only arbitrary, but 
utterly falfe and chimerical. Not that he 

a ? wou'^d 
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wou^d be thought to affront Mofes, or dero^^e 
a^y thing from the Scvi'ptUTC, tphich Jpeaks of 
4 Chaos exfrefy ; but only coming thus far^ 
to be at the greater Difiance from a Vacuum ; 
he added this by] way of Ecucidation and En- 
largement. Now^ had he had any real Spite 
at the Argument, he wau^d not have gone to 
tilling 4 Tale of this^ and that, and the other 
Thing that a Man f9$ufl^upfofi thai urged it :^ 
for ihat'^s meer Trifling : But 'frefently en4ea^. 
njour^d to hofve fbefvnj how this Faciy which is 
flain and undeniable^ viz. That Bodies of e- 
qual Magnitude have different Specifick Gr^-^ 
vities ; how this^ I fsf^ either had not been 
fufficient to infer a Vacuity ; or elfe how his 
DoSfrine e^ ^Ae. Effential Aftivity of Mat- 
ter might notwUhfiandim have been main- 
tained. This had been fair and clofe to the 
Purpofe^ whereas what he does is very remote 
and far from it. ^Tis not a "Jot to the Mat- 
ter in Hand {(as to the main Refult) what 
Gravity is^ or what it depends if on ; if it 
be true and certain in Nature and in Fa£t^ 
that Bodies of equal Bulk are thus unequaBy 
heavy. For tms isfiB manifejUy infer ^ that 
the- Quantity of Matter in the One cannot be 
fi great as that in the Other ; neither U the 
Confequence to be avoided^ but by running 
Ofwayfrom^t, as he does. ^ 

Jgain J 
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' Jg4m ; Js to the old Jrgument for Va^ 
^uity^ $ba$ without this a Body mov*d by Ano- 
ther m»Pd find no Place nor Room to betake 
it felf into. To tins he anfivers (with his 
vfonted ModerMion towards mH ObjeBions ;) 
For you, (f^s he to the Opponent^ Pag. 17 8.) 
to fpeak in this Manner, is not (^ly to 
have the fame grois Conceptions with 
your Farmers, but alfo to fuppofc the 
Points B and C, and all, or moft of the 
Points about them, tm be really fixM and 
10 abiblute Repoie. But then the main Spi- 
rit of the Jnfmr ia behind ; for he tells hin;. 
That if hefucceeds in-proving the natural, ef- 
fential, intrinfick and neoeifary Motion of 
Matter^ then all tbofe D^culties mllvanijhj 
and afp0^ to be nothittg. Which is as much 
Mtofay^ He^Ulet the Argument alone for this 
timey but the next time he takes it tn hand 
be intends it jhall not come off upon fo eafie 
Terms, So that he fairly difcharges it for 
the prefintj 4nd bids it expeB the Refult of 
his halving frdv^d Motion effential to Matter, 
And perhaps this is more Civility than cou^d 
Ifave been expeUedfrqm any Man but Mr. To- 
land* Jlnother Perfon that had confronted^ 
an ObjeBion in this Manner tvou'*.d hardly^ 
have farted with it without making one Atr 
tack at leaji j whereas he contents himfelf 
with bejiowi^ ajmall Threatnivg upon it, and 
fa lets it go without any farther Harm. 
' a 4 • B;/^ 
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Buf farther jet : ^Tis tvorfh iak^/Nm^Ti 
how linle Defign.to fatkfiey thert^ Affursy « 
his- Method (f ilhftrMing DijfiaHti^s^.a^i^eJSf^ 
^ mfistrwg ObjeSHom* Nowhis.W^Oj 
doi^ this u^ ta mah the very ExpeMekf tha^ 
is ta remove one Difficuky^ ifPvolv^Two or 
Three more that are. ecj^aliy . pHzsosiing^ 
For Inftdnce ('Pag* 176*) he uHs ^^ I'hat 
to beliqve the Aftivity of A?fatt«r rwiH 
clear up all dark and doubtful Poiots 
about AvACuwn. Jiov.. (fays he^ as thofe 
paiticular or limited QuiBtities which we 
call fuch or fuch Bodies, are but fcveral 
Modifications of the general Extenfion of 
Matter in which they are all contained, 
and which they neither increafe nor di- 
minifh; fo all the . particular Local Mo* 
tions of Matter are but the fevecal Detser- 
ininations of its general Adion, direclr 
ing it this or that Way, by thefe ^r thofe 
Cauies, in this or that Manner, widiout 
giving it any Augmentation or DiminU'- 
tion. Now werot Mr. Toland "verj^ feriom^ 
4n iMelUgent Reader rvou^d think he dej^n^d 
to . affront his Underjhnding by. ^ering 
fuch 4 Thing as this to him for the Solutim 
of a Difficulty^ And who cou^d dokfi^ ta 
fee a Man Qutmin^y top a Nation upon him 
(whiU he pretends, to j^form him) that U 
fo ahfolutely frecariom and obfcure^ as his 
Notion of particuUr Bodies and thm Mo^ 

tions ? 
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tkmsf Thy we the Mi)dificatioiis of the 
geneiai Extenfibn, and the general Afli* 
on of Matter. But how u this msde oat f 
Whf-Mr. Tolandyir^ hisfo : But if Mr.Ho- 
li'oAjkm^d fwear ^tis fo^ md curfe di Matt* 
kuuLiMto theBargdin thdtwof^t believe bim^ 
^tmll never fdfs far a Truth ^ for oB thsty 
amongft People that are guided by Reajbn. 
Ought not he to ha/ve fut it fafi Diffute^ 
that ptrtieular Bodies were m> more than fo 
WMjt Modifca$ions of the general Extenfion 
^ the Univerfe, before he had affunfd it to 
j^tfe.d.^Diffkuity mthd? Or if he haddone it 
any^tdkre afterwardtj it wo^d have been 
ft^ient. But nevtr to do ity and yet to 
fifpfofkit^ is fa if^ his Point in themoft for^ 
did Manner imaginaUe:^ and to trip with his 
Reader un^dmdJy; if he were not in "Jefl. 

/ k$$aw well enough that the Notion of Tn^ 
finite Matter is a Darling with himy and that 
he may po0ffy trufi to this^ for the Proof 
of this> Definition cf fartieular • Bodies. Bit 
I alfo know wett enough that the Notion of 
Infinite Matter may be infinitely Jalfe and ah- 
furd^ for ati^ thing he has offer d to froue 
the Contrary. Jnd whereas he feems to be 
trying at it f'Pag. 213, &c.) '^tis evident to 
any one (tb/tt tan fee when a Man frejfes on 
an Argument with Courage^ and when he does 
it timoroujfy') by the Doubt fulnefs of his Pro- 

ceediffgj 
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€eeditig^ hm much he fu{f$£Mi the lu^pmky 
cf his Reidoning ufmthdt HbaJL Haweirery 
there needs »o^ more to he faid ; for ^age 
21 5,) hefets the , Ififimteffefs of Matter uf- 
on the fame Foot with the Effintidl ABivity 
cf ity and he before took Care to offer no more 
than a Paralogia for the Procf of th^ Do- 
ihrine. ' ' > 

» ' ' • ■* 

In the next Plaee ; fVhat Performances h^ 
gives his Reader Encouragement to exPeH 
jrom him\ m$^ be feen at Pag. 1 59. vmere 
he ffeaks of no kfs Things^ than accoanting 
for the fame Quantity jgf. Mtttter in the Vni^ 
^erfe^ f roving that there can be no VacUQlri, 
folving S the Difficulties about the Vis Mo- 
trix, nith a great many mare brides thefe. 
And all this from the Princifle of the Effen-^ 
tial A^ivityof Matter : Nay more than 
thaty he affirms that this Princifle alone can 
do it. But if arrji impartial Reader canfind^ 
that he has either evinced the Ejfential ABi^ 
vity of Matter ; or^ that he has fairly account-r 
ed for thefe Difficulties i^ or any One of the 
whole Number ; or that hi has (much more) 
fbewn that no other Principle can do sty bu( 
that alone; IVl then beg his Pardon for aft 
fir ting that he has not. In the mean time^ 
J can^t tranfcribe his whole Book^ but every 
Reader that will take the Pains may fie whe- 
ther I am in the Right or no. 

■ r _ Laftlj, 
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L^fthf ; -f^ makes no Scrapie offetting any 
cf hir awn unproved precarious Opinions^ in 
Competition with Things that have convincing 
Proof and Evidence df their fide ^ and are univer- 
faUy orvn^d to hefuch. ^Tis a Point that Mr, New- 
ton hasfet pajl alt Difpute^ that the Weights or 
Gravitating tortes of Bodies at ee^ttd Difiances 
from the Center ^ are proportional to the Quan^ 
tity of Matter in them. But with Mr. To- 
land this is yet a Controverfie — Leaft I en- 
gage my felf iit a Difpute (f^ys he) about 
the Nature of Gravity, as whether the 
Wc^ht of Bodies be proportional to the 
Quantity of Matter, &e.T^^. 2oj. 

Again ; 'TV> a Trtithfufficiently -clear ^ thit 
the external Preffures of the Atmoftphere and 
iEther, have nothing to do^ as caafes either in 
tphde or in part offuch an EffeB as Gravity ih 
Bodies ; therefore external Preffures can be 
\>f no Signincmcy to the Producing fmh an 
EffeB as, tie different Spedifick Gravities cf 
Bodies. But he is pleafed to declitre his Opi- 
nion to be 6therv0tfe^ and attotv Preffure -a 
Share in ^/S^iif Phcrtomenon. — — Tho^ theit 
Specifick Gravities (fpeaking of Cork^ Lead, 
Goidj and the like) be fo different froiil 
each pther ; proceeding partly fi*om exier- 
ml Prejfures, and partly from thofe inter- 
nal Structures and M<Kliiications^ which 
give their ccxninoa Matter thofe various 

Forms 
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Forms thjit coiifticute dicir Species^ &c* 
Jbid. This (fajs he) is my own Opiniopj^ 
whatever be my Reafons for it. Which 
is admirably mU [aid ; and perhaps he kneo> 
well enQugh rvhj he Jhou^d keip his Rtafqns to 
himfelf. Bt^ however ) this very P^jffg^ 
ahm is emugh to. jffj^^fe mf Surmife^ that 
Mr. Toian^ wou^d be thought to banter. Fcr 
to offer an Opinion th^t thtvaru a Matter of 
s Demon^ra$ion^ a»d fzy^ 1 believe thtfs..4»d 
$h$is tvlatever be my Rgafot^ f<^^^j i^ 4moj/^ 
fjkefame TUt^g as to fay y I am in Jcft. 

In /bortj Mr. Toland appears to me^ to 
tnanage the Point much after the fame Man- 
per with Lord Peter i» the^ Tale of a Tub, 
Ihe One calls a brown Crufi^ Mufton and 
Qlaret ; as the Oth^r does ta^cy and Fur ay 
logtfm^ Reafon and Jbund PhiloJipJky* Both 
appear grave and feripm /« ^^t they do 
and fay, and agree iff a£U^ an if^ffifng 
Part ; One upon the Sences^ the Other njp- 
on, the Vnderfiandi^s of thofe thy uJk tfi^ 
The Difftrence is^ that Om fmars to the 
Truth ^ wiuU he f4fSy and the Otisfefi iffb 
n^defl' as t^ pax»^ his WiOrd, fyr]$} TM 
there^s no qifepon but Fetcir wig^ hm^e^fmi 
Reafon^ too lyisfg by him^ tp Prfi%% v^4t, h 
fnidtobe trmr. Ow^(ltkfthkGtiHlhn99i^ 
bfmasnqp plet^ed toffMumf^mi ''TmAj^S^ 

whim 
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which looks like a brown Crujl^ is rtdByvshiJ^ 
Jharve told you^ whatever be my ReafbnS 
for't. Bm Peter'i M^ttof^ 4^4 Qlftt, m^ 

certainly nrver more like 4 Piece of a hromm 
Loafy th^n Mr. Tolancf J Phikfofify is like 
Parak^ifiv^ TheRefentblanjceis ju^, th^tl 
doubt mt; he has or mB'ffid^ 'tis uniwrMy 
taken for the n/erj fme Thing in the World. 



iJhaU fay no more* ^ o^l^ that thestr^ 
jome Qui^iis n^^ftnrtiji' be fnsfofai'tohim 
€ifm the^ Bufimfi tf- R^ Space. Ar mj^ 
anm P^rf^ l hwe mothing ^ M »ith that 
Point, and as much as I value the ^fidg- 
tnents cf fcUrn that* d^end ^, ^in othet Ifiat^ 
tersy^ Cimn0,fi^ik, «(?, tkm iptlmi. K^ 
believe, as well as Alr.Tol^df th^fmaa^ of 
tkofe Q^nXlwHn frmlybeliev'^d theE^ifience 
cf^ 4 Deity. But I alfo believe top^ that ftifi- 
nife necefTaf iiy- fejj^movin Matter, ma^ 
ferue to entertain an Atheip^ as well aijifr 

mighty Space. 

h pmsims^ m^ mm, Jvr> mt^ U rtturm iny 
hunAh Thtnks to tbf Redden^ mtk kid tim, 

Farewell 
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9kj?. The Reader may, if he pteafes/omit 
tneXri99};^4 (at Pag.i^S.) and take the whole 
Broods (foy tW Invelbigation of the follow- 
ing ^^^. 4*) th»s.l Ufii]^..all the Sym- 
"' beds as ia i^e Lc^ma^ from the Nature of 
the Qrcle 'tis Y Y= 2 RX-lxX, and yy-zrx 
^xx i alfo IXzsi iR^ and ^^=;2rAr. Bat at 
L- IcalE D^d i/.are cmcideQt lyit;^ A and ii, 
^^ aadX, ^ with x ^ « ; fo that thtn we liave 
. A* =i 2RX j and ^^ = 2ri, th<rdfofe;x : i : : 

• "X* «* • - ■ ' '" 

4R * ir • ^ E- 1- In this waaiipr, I f^y, the 

' ' Reader may coiiife to" the Tht^rtm^ viithout 

'^be Affiftance 6f the Lemma \y ' which 

, ^ives the laft Ram of th^ Subtenfe oif the 

\ ^Aqgl^ 6f CofltaS: to the C9nterminal Arch- 

Tho' tfie X^iww4 it felf too be contained in 

the Procefs ; for fince A'=2rx , a^d ^'=2iri, 

therefore if 2R=2r, then x t. i : : A' : #1' j, 

as Din&IOQs^ttse eiifea;for tbe.Rcadiqg Qf it 

in the £ir4r/i.'= v; ■ • - '; *c.' 
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LL Bodies will perfevcre in. their 
State of Reft, or uniform diredt Amo- 
tion, nalefs they are compeird^to 
change that State by {om^ Forft im- 

|3feI5'd tipofl^henr. 

/ 

L A w n. 

» 

. ^The AiteraticSn of Motion ij ever pro|X)r- 
tional te the imprefsM Force (that caufes it,) 
ind tbo. Direaien of it is in the feme Right 
line with that, according toVrhicfathe Force 
isimprefs'd. 

■B Law 
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Law III. 



• - • 



ReaAion is ever equal and contrary to 
on -, or the A&ions of Two Bodies iipcm one 
another are always e^ual, and have contrary 
Pire^oos. 

From thefe Laws the lUuftrioos Author de- 
duces the following Qoroltories. • 

(f Motion. 

A Body will defcribe the Diagonal of a Pa- 
rallelogram by Two feveral Forces com- 
Un'd, in the fame Time that it would deihibe 
the one or the dther of tfiofe Sides by the 
one or the other of thofe Forces feparately 
conlidet'd. 













. 



in 

D k Mb Nsr R a't I O N. 

V 

Suppofc a Body cou'd defcrrfee* the Line AB 
XV IG. I.) in the Time T, with thc^nnifbrtii 
Motion M J and in the fame Time, the Liiie 
AC, with the liniform Motion N. Compkat 
the Parallelogram, and draw the Diagonal Ab. 
f he Diagonal AD ftiaH be defcribcd by theft 
Two Forces thus combin'd ki the feme Time 
_T: For the F<irce N'aaing with the Diteaioti 
AC, parallel to bD, cannot change the Velo*- 
city of the Motion towards BD*, the B6dy 
t^refore will be carry'd to the Line BD to 
the fame Time T, whether th€ Force N lie 
inipr^s^d or no j therefore at the End of tfce 
Time T it will be found fomewhere ih «Ae 
Line BD. la like manner, the Force M afting 
with the Direction AB, parallel to CD, cannot 
chaitge the Veiocity of the Motion towards 
• GD : Therefore the Body wiH b« carry'd to 
ihe Line CD, in the feme Time T, whether 
tiiti Force M be imprefs'd or no ^ coafequently 
at the End of the Time T it will be found fomc- 
whete in theLiaeCD« Therefore fince at the 
£ad of \that Tiftie it will be foond in both 
xMS^, Unes :BP and CD, it will certainly be 
fOMd ia D their later&dion, th«t is in the 
Diagonal Q.E.D. • 
^ vfioin hence arife the following Theorems* 

B 2 Th 
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The Forces by whicji the Sides and Diagonal 
of a Parallelogram are defcribed, are propor* 
tional to, aad may confeqoently J)e exponaded 
l^y thofe Sides, and that Diagpnal refpedively. 
For the Motions being uniform by the Hypotbe- 
fis, and the Times of the E^efcription (both ot 
the Sides and Diagonal) being proved to be the 
i^mei)y the ibregoing Demonflration^the Spaces 
defcribed fhaQ be as the Velocities by Lato M. 
or as the Forces to which thcfe Velocities are 
proportiooBl refpedivcly. Therefore (patting 
t\» Force in AD=G) it wiU be G. M : : AD. AB 
rand G. N : : AD. AC and G. MH-N : : AD. 

T H E O R. II. 

If a Body with a Force proportional to AD 
describes the Right Line AD, the Motion, and 
^Diredioaof that Motion will be the fame as 
if the Body .had at firft been impeird by Two 
forces, adxng according to the Diredions AB 
and AC,and proportional to thofe Lines. There* 
fore any Motion, tho' in it felf ever fo fimplc, 
may' be confidered as compounded of others, 
and (from this Principle) may be refbived in- 
to them. • 

Thbor. 
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Suppofc the Parallelogram as before, and a 

Body to be held immovable in th? Place A by 

Two ccjual Forces ading with contrary Direfii- 

ons ; the one tending fiom A to D, ^nd the 

other from A to L. I fay 'tis the fame thing; 

as if it were held by Three Forces aftipg with' 

the Direftions from A to-L, ff dm A to p, and 

from A to C. For the Force AD (by Theor, II.) 

is equivalent to the Forces AB and AC There- 

fore, if the Body be held immovable by th? 

Forces, whbfe Direaions are AD add AlV it - 

will be held by the'Forcesadink with the DU 

regions Al., AB and" AC. 7 

T H E o R. rv. - 

- . - ' . • * . 

A Body being thus held immovable by TlirQe 
Powers 1 thofe Powers are one to another dii- 
r^aiyas^he Lines that are drawn parallel tp 
their refpedive Direftions^ and terminated 4t 
the Point of their mutual Concou^rfe. Eor (faiy 
ThefXy thePowersaSing with the Direft^- 
pns AD^ AB, AG are in Proportion as tho|c 
Lines AD, AB, AG refpe^ vely taken i that is, • 
as the Lines parallel to the Direftions, and tcr* 

imoated at their common Interfedion. ; 

• ■ 
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Therefore ^ny Two of thefe Powers are to 

one another /^iprocally a^ the Sines of the 

Angles which their Lines of Dir^ftion make 

with the Unc of Diredioa of the Third Power* 

Thus the Power M (whc3sfe Direflioa is Alp) is, 

to Power IJ (whofe Dir^ion is AC) as AB to 

AC or BDi that is (beqiufe in any Triangle 

^eSidesuare proportional to the Sines of t)ie 

oppofite Angles) as the Sine of the Angle ADB 

or CAD, to the Sine of the Angle DAB. Now 

CAD is the Angle which the Line. of Dirc^ioi^ 

of the Power N makes with AD the Line of 

Diredion oif the Third Power i and DAB is 

|he Angle which the Line of Diroaion of the 

power M ni^Uces with tbe fame Line AD : 

Therefore the Powers are as the Sines of thofc 

Angles reciprocally. Tbns alfo the Power G 

(whole DiredHon is AD) is to the Power M ; 

as the Sine of the Angle BAC, is to the Sine of 

the Angle DAC j that is, as the Sine of the 

Angle ACQ., or the Sine6f the Angle ACD 

(the Complement of the Former to the Two 

Right Angles) is to the Sine of the Ai^gle 

PAC J that is, as AD to CD. 
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Gemrd CoROf«x«AJLi£s 

^ C 6 Rf' I. 

A J^o*^^ ^^ ^^^^ '^y 8*^^ Birtftion 
XiL^may beflicwn to be equiralcnt to art 
kfiaite Number of Forces a£ttQg witb different 
Diredions. For oae and the fame lintf may be 
the pidgoaaL of an inSnite jSkimbd: of ParaiiP 
lelogmm* This the Forcoin AD ix) the F^rai^ 
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Iclogtam <fIG. II.) ABCD is equivalent to the 
Forces in ABand AC j and in the Parallejogram 
AGDH the fame Force is equivalent to the 
Forcesin AGandGD, and fo of infinite others. 
Alfofince the Sides of the Parallelogram ABCD 
iray be made the Di?igonals of an infinite Num- 
ber of others, the Force in CB may be Ihown to 
be equivalent to an infinite Number of other 
Forces. For Example; Make the Side AC the 
' Piagonal of the Parallelogram FAEC, arid then 

B ^ the 



the Force ading according to the Dircdion CB 
will be equiVil^ift to tfite* F6f(^s 'adiog accord-' 
ing to the Direftioos CF, CE and CD ; and if 
CD be made the Diagonarof the Paralklo- 
S(PA!!C£Di) the fame EcHxre in CB will be eqm- 
ytleot to the Forces caftiilg inCE, CI, and 
double the Force sKcordii^ to the Diredion 
GE9. and fb contimdug to make ' the Sides of 
thefe IdiS: Parallelograms the Diagonals of mo- 
thers, and ip oh infinitely, the Force in CB may ^ 
be fhown to be equivalent to an infinite Num- 
ber of Forces adlyig with different Diredions. 

C O R, II, 

Let M, N exprefs the Sides of one Parallelor 
gitam, and A, B the Forces, refpe<iively, of 
which thofe Sides arc the Di regions, and by 
which they are defcribed : Let m^ n exprefs the 
Sides of another Parallelogram, and ^, h the 
Fprces. Alfo let the Diagonal comqionto bo^h 
be D, and the |^orce whofe Direftion is in that 
Line bi? F. Then (by 7lbf<?r. l) A-hB.F:: 
JM-hN. D, ^nd a^h. F : : m-vn. D. Therefore 
,A--l-B : nrVh :: M-HN; w^Vn. That is, the 
Sums of the Forces in the Sides of the Two ^ 
Parallelograms, arc direftly'is the Sums of the 
Sides.— Likewife (from the foremention'd thea- 
rem^ becaufe A : F : : M ; D, and B : F : : N : D. 
and CQpfcqi»entlyAxD=FxM, sadB^P=FxNi 



C9] 

therefore AxD~B^D = FxM-FkN; that is 
A~B: F: : M— N : D*' Ahdfofor the other 
Bgr^lpgnim, it may be ihew:n, th^jt a—h F : : 
m-^r P- Therefore (by Equality of Proportion) 
Ar-S: ^—b: : M— N : m—n. That is, the Dif- 
ferences of the Forces in the Sides of the Two 
Paralldograms^ at:« direfily as the pifferen<^s 
of the Sides- 

Cor. Ill, 

JLct the former. Symbols ftand as before ^ 
only let w, n^ now exprefsthe Sides of a Paral- 
ielogram, whof? Diagonal is unequal to that 
of the former ; and let this Diagonal' be put 
=^, and the Force by which 'tis defcribed be 
put = /. Alfo let 1 1 be D : ^ : : F ': 'f. Then (by 
Xheor. lyA-^B: F:: M-|-N: D, and a-H : 
f: : m-\-n ; d j therefore A-l B : ^1 J ; : M-IN . 
f»+». It ^may allb be prov.ed in like manner, 
as in Cor. II. that A— B :a^b:i M— N : m—n. 
So that tho* the Parallelograms haye unequal 
Diagonals, yet thofe Diagonals hieing defcribed 
by uniform Forces proportional to the Lengths 
of them i the Sums or Differences of the Forces, 
that defcribe the Sides of thofe Parallelo^ams, 
(hall be dircftly proportional to the Sums pr 
jpifFerences of the Sides themfelves. 

« 4 

« 

Cqr. 
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Cor.' IV. 

. . . . . ^ 

In every Ri6:angular Piarallcto^ani,thc Force 
ia the rSagonai is equal in Power to the Forces 
in the Sides. Thi3 is Theor. II. of GaUUiaH /Ah 
McchanUk Dialogue. 

The following Problems relating to this Mat- 
ter may here not improperly be fubjoin'd. 

p K. o B* rl , 

To find Parallelograms having a comfmoa 
Diagonal, in which the Sums or Differences 
of the Forces (by which the Sides are defcrib'd) 
Ihall ftill be equal to one another, or be cx- 
prefs'd by a Handing Quantity. 
. According to the Tenour of Or. 11. let the 
Quantity Mh~N be the TrSnfverfe Ax of any El- 
lipfe, and D be equal to the doable Excentrici- 
ty, or to the Diffance of the Focf from one 
another. Alfo let M, N be Two Lines drawn 
from the Foci to any one and the lame Point 
in the Curve, and i», n Lines drawn from the 
Foci to any other Point in the Curve. I fay, 
that the Lines M, N, andiw,;^, are the Sides, 
and ^at D is the common Diagonal of Two 
fuch Parallelograms as are required. For from 
the Nature of the Ellipfe, M-i-N[ is ==i«-h;» per^ 
petuallyj and therefore A-l-B=4-l-^ ever alfo, 
byOrJLQ,E.|. 

If 
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If the DiSnreoces of the' Forces were se* 
quired ti^ >q a ftanding Qinmt]fty» and focfa. 
SaraVelogYamswereto bedctemim'd. Then let 
M— :H =: the TnnfTerie Ax of aay HyperboU^ 
a»d D:;;3 theX)il}ttace of the Feci. Theairom 
the Natofe of this Curve, M^HI fballtzniu^ 
^ad ocnricsqiieritly AHB==^i^ perpettiaflf ;- - 

c* • - ' 

P R O B. IL 

To find ParaD^grams having unequal Dia- 
gonals, in which the Sums or Differences of the 
lorces,. v^i^ which the Stdesfiaiffe defihrfbed, 
fliali ftiS be eqtial, or be exj^e&'d by a ^aadiae 
Qpaatity. 

According to the Tcnbur 'tyfc^roff: FlPr let 

M-HN be-tfce comioon Tranfterfe Ax of any 

Two Ellipfes, in which D and d are the Di- 

ftances of the Foci ; D for one Elhpfe, and d 

for the other- Then if M^ N, and w, n ex- 

prefe Uqcs drawn from the Foci to any Points 

in the Two. Curves (that is, M, N froln.th* 

Foci o£ the one EHipfe to aoy Point in tbatCunre, 

and 7»t » fi^Q"* ^h« F<^ci of the other Ellipfe to 

any Point in that Curve). L lay^ -that thcfe are 

the Sides, and the Focal JCJiftaiices the Diago- 

. nals of fucb Pi^raMograms. as are required. 

For finc€i M^^N is sw^w^perpetually (from the 

Mature of the EUipfe) therefore alio, accotdliiig 

to the Intsat of that 3d Or. A^^^B Ihal! be ever 
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rr^h*. Q.: E : I. So^ if M— N Were the com- 
jnon Tranfvcrfe erf Two Hyperbola's, in which 
the DtKances of the Foci were D and d^ thea 
M^ Ny aad m^ n being Lines from the Foci, as 
hsSmt'^ the Parallelograms will beiiich as is 
rehired : And M*— N being eTer=«9.-^ from 
theGemasof the Hyperbola, A^Bfliall^ir-ifry 
that is, the Differences of the Forces ihall be al« 
ways equal. 

P* O B. III. 

, To.fiikl P»rallelogr»i6 having either equid 
or Jineqnal DiagonUs, in whidi the Sums w 
Diflerences of the Forces with which the Sidps 
are defcrib'd, (haU ftill be in any Kmo affign'd. 
Let, the i&irf « affign'd be that xA f. q. 

C AS E h 

Let the Parallelpgrams be required to have c- 
qual Diagonals. Put the Tranfvcrfe Ax of any 
Ellipfe or Hyperb6la=:T, the Parameter=L,the 
Tranfverfe Ax of any other Ellipfe or Hypcr- 
bola=r, and the Parameter ==/. ^Tis manifeft, 
that in order to the fitisfying the Demands of 
the Problem, the EQipfes or Hyperbola's mult 
be fo proportioned to each other, that their 
Tranfvcrfe Axes may be in the Rmo affign'd, 
atid their Focal Diftances equal. One Ellipfe 
or HypQrbolji therefor? being given, whofc 

or 
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Tf anfV«ifeao<$P^faineter,Tand L,are imoirii « 
I fayi^ tfatt aqo^: EBipfe wIk^c Trao&«rfe 
A^ r is s£ T If,: and its Pacaraeter /;= 

t 
T qr' -^TpH-Ly'; or toother Hyperbola, 

whc^ Tranfverfe = T g^ anditsPar8meter= 
T^'-t-Ly'—T?' ; thefc aEil^es, ortlieft^s 

if 

Hyperbola's fhall hare the Goaditions ceqnirttd^ 
and the Parallelograms (whofe Diagooalsarc 
the Diftances of the Foci, aad whofe Si(iw are 
the Lines drawn from the Foci to any Points in 
the Curves) Iball be fucb as < will anCwer the 
Demands of the Problem. The Demonftration 
of which is eaiie: For fincethe Square of the 
Diflance of the Focus from the Center, is in 
the EUipic = to the Difference, and in the Hy- 
perbola = to the Sum of the Squares of the 
Semitranfverfe and Semicon jugate j therejfore in 
the Two ElUitfes or Hyperbola's,, if the J3i- 
ftances, pf the Focus from^the Center in t nejlie 
put equal tp tha^t in apqtlfcr, we bayeit^is 
Equation T '— LT= t ' -^ i r, ^r. the £;ilipfe$, 
and T'-+-LT=^'-+-|.rfQr; t^ Hypor^'s. 
From whence (. and T beio^ given in the oqc, 
and aUb t in the o^her,^ the {parameter I of that 
other may be found, and the Value of it will 
be fuch as is d^termineclabovo. For becauie 
»is=T^, and-iJOnfequently Given j therefore 
f the 
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tbe Valie oiiyiiBbi eapnmtA 't& the T«rm« 

oftiKGtrenQ]KiBtitiesL,Tyf,f LalUf*- Be^ 
caufe the Traaftrerfit Axes ate in the Giren XMi* 

off toq, by the Hypothecs ; and the Sums or 
Differences of the Lines from the Foet to the 
Curves are equal to the Traofirerie A^s from 
the Kature of tbefe Sedions, and therejfore 
ever in the &!pc .RaHo off : q-^ and becaufe 
(by Cor. II.) the Sums or Difference* of the 
Fcnrces arc cvw proportional to the Sums or 
Difihrences of the Sides (which are the Lines 
dniw)! from the Foci to the Curves:) There- 
fore the Sums or Dificrerccs of the Forces (hall 
tl ways be in the Given Ratio of p:q. dt E : D* 

C ji S E Ih 

Let the Diagonals be required to be unequal. 
If Tbe the Tranlverfe of one Ellipfe or Hyper- 
i)ola, then Tjr Ihall be that of the other. And 

if the Diftance of ti^ Foci in one ElKpfe or 
Hypeiiwla be D^and that in tfceother be^j 
thefe bring tiie Diagonals, and the Linc^ drawn 
from the Foci to the Curves bein^ the Sides of 
the JaraDelograms: If the Diagonals be de- 
fcribM by Forces ptc^rtional to rtieii: Lengths, 
tfre PoraUetegratiis ^s- niade fliafl be fuch 3s 
arc required. - fhe 3d CmSar^ (with thofefo 
often mentiotfd Prdpertiesofthe ConickSettkni) 
dem6nftrate this' vJithdut arty tiftther T^rouble* 

PROB. 
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Pro b. IV. 

* The Points A,B, F, D, (F/<7. lU.) being 
given, 'tis required to determine the Point C in 
the Right Line HB (given in Pofition j) Co that 
compleating the Rectangular Parallelograms 
ABQ, DCFK, the Time of defcrihing the O- 
blique E^ath ACF (which is the Sum of the Dia- 
gonals) may be the leafl: poflible j or (we may 
propofe it thus) that the Sum of , the Forc^is 
w^ which the Diagonals AC aod.QF ared^- 
£bnbod, may httfit. leaft paiS¥e% 
« Here I iibpeofe the SidesJC mdOC to lie in 
a R^gjht Line : AUb that tbc^ Body, by fbiae 
Cai^e or ot|Kr, dsies. a| the Point Greceiw 
aaother, and different X^iccdion^f its Motioa, 
,ud a Change of its Voiodty. In a Word, that 
irbereas before it came to the t^aist: C,«}t movM 
ia thi^OMgraftl AQ itaftcrwandsiadves U the 
.:. '" Dia- 



Diagonal CF» making aa Angle a$ GCF with 
the former. Put AC=«.. CF=v. BC=^. AB=^« 
FD;=:*. DB=<:. Therefore IX:=c-^. 

JNote^ That the Points A and B are given i 
therefore AB is a given Qiuiatity. So becaule 
F and D are given, the Line FD is ever the 
fame ^ and likewife DB is invariable. As for 
all the reft Otis evident) they are flowing Qsian-- 
titles. Let m be the Time in which AC is de^ 
fcribed, and r the Velocity in the fame, n the 
Time in which CF is defcribed, and s the Velo- 
city ; which Velocities I fuppofe to be the 
iame in all the Points of the Lin^s AC aQ4 CF 
tefpedively, and confcquently the Quantities 
r and s to be ftanding ones. From the commdn 
Principles of Mechanicks, ^tis evident^ that 
fn.n:: z.xs. rxv. That is, the Times are iq the 
Rath compounded of the direft liatip of the 
Sp^es, and reciprocal Ratio of the Velocities. 
Alfo, if tn:, », exprefs'd Forces, and r, /, Re^. 
filbances^ then the Forces wou'd be in the Jkatim 
compounded df the dired Ratio of the Spa^s, 
and the direft Ratio of the Refiftanoes. 'thctc- 
fore if i/denotes the Refiftance in AGor ^ 
and r that in CF or v j then one and the latifc 
JExpreUkm fiiall ferve^^with ReQ^ to'^dth 
thefe Wayi of propofing the Problem.. TiiSre- 
foire (in one SuppQfition) the Time in which 
:the whplc Spaee ACF is dcfcribed <oir the Slim 
of fh^ For^esiia the other) wiU/bc: as xj^rrv. 

But 
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Bttt frblii the Keft aflg^klf Ttiapglc s Wfe have 
z.t=:xx-\r<U\i Bndvzz^^tc*-2cx^xx\ a j There* 
fore tijfe fei:|>reffion cotnes to this s^Cxx^ddH 
4-.rx blh\-cc—2cx^'xx\- ; which Expreffion is tp 
be detcrttiin'd to a Mnimnm. Therefore work- 
ing by the admirable Metfiod of Fluxions, wp 
fliall find jx^ "">"> xxxr-^ 

xx^^^^ hlr)rcc—2CX'^xx !^ ^ 

thin is, J X a: zzijrxc—x. From whtoce -v.r-r-^ : : 

rxz^ ix ^. Tfiferefore if the Points A and % 

ht fiipfpofedto lie in the Circmnfcrence of i 

drcle of which C is the Center; that is -if 

AC=CF, theii it wifl be x.tr-xiir.i. And 

confequeiitly if the Line DB be divided in C, 

fothat BC : JDC, as th6 Velocities in the t>ia^ 

gbflah AC, CF direaiy, or as the Refiftaticei 

itciprocallf J that is, if the Sines of the In- 

clinatitfas of the Diagonals AC, CF to th^per- 

pendicnlaf ICK, are in cither of theft ^^iV/^ 

then thcf inffex^d Path ACF'ftall be dcfcribed in 

the leaft Time, of all that are in liJce manner 

cpmptehended between any Two Lines drawn 

from thti Poilits A, F, tt> any Point m the 

J^ineDB, or (with Refpefttothe others Way 

6f ptopofih^ the Problem) the Sum of thfc 

fortes with whleh the Two Diagonals AC, 

^ ate defctifaed, Ihall be the leaft poffible. 

<IE.L 

C To 
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. To carry this on a little farther j Ifrns^ that 
is, if (the Body meeting lyith nothing at G ta 
xetard its Motion) the Velocities in AC and CF 
be the fame j then x. cv-at : : z. v. In which 
'Cafe FC will be coincident with LQ which 
makes pne Ri|t\t Line with AC. Alfo LH 
l)eing perpendicular to BD produced, the Point 
D becomes nowfoincideat with H. The Tri- 
angles ABC, LCH therefore are fimilan For 
BC being=A: (as before) CH is now c^-x, and 
PH^ji". But \if found, thait x. c-^x :: z..v. 
that i8,.Ba CH:: AC CL, and the. Angles 
jflLCB and LCH.arc equal j therefore, &c. From 
b^ace making HjE ==; LH', the Triangle HEC 
will be equal. and fimilar to HLC, and alfo fimi- 
larto ACB. Nov^if the Body (moving in the 
Pir-^ipu AC) ipftead of pafling on in the Right , 
Line CL* were-^refleded at the Px>int C, thea 
fmce Jhe Velocity/ cpntinues ftill the iame (the 
Diredion only being changed) in tbeiamc time 
^bat it, would J defcribe CL, if it went on dj- 
reftly, it will defcribea Right Line ntoCL in 
its reflex'd Motion. But from the Equality and 
similarity of the Triangles HLC and HEC 
the Line CE is = CL, therefore it will defcribc 
CE. But the Angle HCE is = (HCL=) ACB ; 
therefore the Body, will be rcfleacd fo, that 
the Angles of Incidence and Refledion (ACI 
and ECl) Ihall be equal. ' 

. . ^ N.S. 
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N. B. t abftrga here from all the Impcrfcai- 
ons of Matter, and fuppofc the Body perfedly 
lElaftick, and the Obex firm. 

S C HO L. 

If AC were fuppofed to be a Ray oif Light, 
the Theorems found would be thoft Two cele- 
brated ones in JOhftrkks and Cat&ftrich^ upon 
whidi thofe Sciences are built ^ And DC> CB, 
which are the^ Sines of the Iqclinatipns of the 
DjagoaalsfC, AC, to the pei:pendicular ICKj 
would be the Sine of the refrafted Angle,' and 
the Sine of the Angle of Incid^ce, if DCB^ 
were the Surface of a AlfkrentJ^^ediian. . From 
whence tWle Sine? would be as the Vciocitics 
in the Tv^pMediumu by what was found above, 
and as Mx.Newron has. fliowttPrtf/^. 515. Uh. t. 
B^t this only in Trmfitt^ The gfencral Principle 
CAHC^rniug the.Gompofition of Forces ftail a&w 
he^ply'dtofeveral Problems in'Michmth. 
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Td aj^gn the Proportion of a Stroke mdde mtb 
afT]/ oblique Direction ufon 4 Planej to one 
made mth a ferfenMcMlar DireSiion^ the 
Bodf movifig in boih DmSiums with the 
fame Degree €f Velocity. 

SUppofe the Body's Diredion iFlG. I.) to 
be in the Hight Line AD, and that It ftmd 
upon the PUne DF at the Point 9. Let fell 
AF perpendicular to FD^ and compleat the Pa- 
rallelogram FpAG, . The Motion of the Body 
in tlie Line DA is equivalent to Two other Mo- 
tions whofc Dircftions are AF and AG, by 
Thior. 11. Bat the Motion whofe Diredion H 
AG is (^ no Sightficancy as to the Stroke npoD 
the Plane DF, fer GA being parallel to Df> 
th^ Body moriog with that Diredion woiM 
Qiswi meet the Plane. Therefore the Ftece 
by which the Body tn0ye% in AD^ being as AD ^ 
that by which it ftrikes Upon the Plane, is as AF. 
But if it moved in a perpendicular Diredtion^and 
y?ith a Force proportional to DA, the Qpantity 
of that Stroke would be expounded by that Line 
DA. Therefore the Magnitude of the oblique 
Stroke is to the Magnitude of the perpendicular 
one, as FA : DA, that is (making DA Radius) 
as Radius to the Sine of the Angle FAD. 

COK. 
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C o R* ^ L. 

The Angles of Obliquity upon the Planes 
bpiag equal, the oblique Strokes ^rc direfily 
proportional to the perpendicular- Ones/ how 
unequal foever the Velocities f with which the 
j^erpendipular Strokes are made) be/ ' Thus in 
the Righiangled Triangle ACB (tiG. IV.j the 
perpendicular Cd being let fall j fincc ABC=: 
ACP, therefore the oblique Stroke with i\it 
Direftion AB upon the Plane BC, is to the 
perpendicular S^oke made With the j&nie Ve- 
locity, as the obliqoeStroke with the DrreftFoh 
AC upon the Plane GD, t» the perpend iculaf 
Sttt)ke made^th the &me Vdbcity witlithis 
obiiqucbucFbr <hfy ^ ?r4f.yiht oWiqueSt Wkts 
att to their refpeAi vc perp^dicUlar ones, as 
CA : AB, arid as AD: GA y b^t (from the Ele^ 
ments) AD : GA : : CA: AB, therefore theo- 
blique and perpendicular Strokes are diyeSIy 
proportional. 

G 3 Gob. 
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C O K.f II. 

The oblique Stroke made upon the Sides of 
any Rcdkngle, with equal Velocities, and witti 
the Diredion of the Diagonal, do anfwer reci- 
procally to the Forces that defcribc thofe Sides, 
* and by ^e Contpofition of which the Diagonal 
is defcribM, For {FIG. I.) the Quantity of 
the perpendicular Stroke upop the Sides AF, 
AG, being expounded by the Diagonal DA, 
the oblique ones made upon the fame Sid^s with 
the (ame Velocity, and the Diredion DA, iball 
be a^ FD and DQ, The Force by which the Vi^r 
gonal is defcribed b^iog expounded by DA, th^ 
Forces in the Sides AF, AS fliall be as DG and 
FP. So that the Magnitudes of the Strokes^ 
and the Forces dp ^anfiY^r rpciprofaUy to one 
anothi:r. 
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Cor. III. 

^ • • . ■ ■ ; . • 

I . . 

A. Body^nioving with equal Velocities ia Iht 
lines of DiredioQ of ^Qal Lefigthy bot tifl«- 
equally cncliiiM to Two Plajics-^ the* Magni- 
tudes of tfa&oblique Strokes ihall bediredkly a$ 
tlieperpeadiCui9F Altil:udeso£the lines of Dr^ 
reaioa. : Thus. {FJG. IV.) if KC == KL, the 
Strolces i¥ith thefe Direftioiis upoq the Planes 
CD) :L£> ihall be ^(Kp aad JL£. v For tb^ 
obtique Stroke upon CD, is t6 the petptndir 
i2iilar;ai»i^ as-KD;KC; and th<l oblique Stroke 
'^ppn L^3 tothapetpeodicolarc^R,^ ^ ; KL. 
But tbexj^expendicular Strokes (bciag made with 
thefamc^Velocity>are eqjial, iad, KCJ==KL hy 
the Hypothefis J therefore the Magnitudes -flf 
the oblique Strokes, upon thofe planes^ area^ 
KD and KE diredly, which are tl» Altitudes 
pf the LiQes of Diredioq, 
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Cor. IV. 

A Body moving with the fame Velocity in 
Pd? mi the fiuQe Line of Dircdim) ! wkieh is 
uncqisaUy enclia'd to. Two Manes (mcotiog at 
tbe iame Poiot) the oblique Strokes majia 
upqn the& TwoFl^aes (ball be dicefily as tht 
perpwdicular Altkudesof the Lin&^<rf fAr 
n&ioa. The JLin^ of Diredioa being KG^ 
(FIG. IV.) let the Line GH be drawn, ma:- 
laag the Angle AGB» with the lint A&i . al& 
1^ KA9 Kti be peipendictilartO'tha Ujbcs 
AG, HQ. The Magnitudes : of^ tl)e :obliqae 
Strokes made with, the IIAtisAkast ^Q^ vppn 
the Planes AG and BG, fliall. 4>& as^^A;> KH 
diredly *, whi^ i% eaAly ^edaoed from whit 
has been find. - ' • ; 
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Cor. V. 

A Body moving with the fame Velocity in 
Lilies of Diredion of unequal Length, aqd In- 
clinations to a Plane, but equally high j the 
Magnitudes of the oblique Strokes are recipro- 
cally, as the Lengths of the Lines of Diredion. 
The LinesofDireaion being KG, KI (F/(7. IV.) 
let HG be drawn, fo that the Angle AGH m'ay 
be=IKG, and let fall the Perpendiculars KA, 
KH as before. 'Tis evidei^t, that the Angle 
KGH is = the Angle KIA. Therefore (by 
Car. L) fince the Angles KGH and KIA are e- 
q^?il, tbe.oW^ue Strofces majk/witibthc; Di- 
re<aiQ?is KQ ^d KI^ i^wn theP^fles HG and 
Al, feall be direaiy pro|Oftiqflal; tp their rfr 

if the Boiy n;ioyes with the jfeoi? VelQpty,. a^d 
^ the i«q?ea4icul» St»ke$ he lequa^ the 

pblvjfle ^wrupog tjw? ?Iai|e&HQ^ AI| wkii 

the 



[26] 

the Diredions KG, KI» Ihall be equal. But 
by thelaft CVr.) the oblique Strokes made ta 
the Direftion KG, upon the Planes GH and 
GA, are dircfUy as HK : AK, that is (from the 
Similarity of the Triangles HKG, AKI) as 
KG : KI. Therefore the oblique Strokes made 
with the Diredions KI and KG upon the fame 
Plane AG, are alfo as KG : KI j that is recipro- 
cally as the Lengths of the Lines of Dlredion, 




Cor. VL 

. • . t . * 

Therefore univerfaHy (joining the Accounts 
of Or* III. and V. together) any oblique Strokes 
made by Lines of Direftion neither of eqtol 
Lengths, nor equal Altitudes, are in the Raiio 
compounded of the dfaxft Rano of the perpen- 
dicular Altitudes, and the reaprocal Hkth of 
'the Lengths of the Lines of Dite^bn , Ex.ff^. 
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the. oblique Stroke upon the Pl$ne CD, with 
the Diredion KG, is to that upoa the Plane AI 
with the Diredion KI, as DK^IK ; AKxKC 
And from hence I infer, that (univerlally ipeak* 
ing) the Magnitude of any TwoobUque Strokes 
made with the fame Velocities, are in Propor- 
tion diredly as the Declivities of the Lines of 
Dire^on. For the Declivities of aqy Two 
lines are univerfaljiy as the Altitudes diredlj^ 
andthe Lengths recipro.ca]]y. Qy Irvf. 14, Ob^a. 
of Dr. W^4ifti's 4/f j*4wiV|/. 




Cor. VIL 

If a Circle were carried thro' the Points A, 
C, B, (f /(?. IV.; the oblique Strokes made 
upon the Planes CD, NM, with the Diredions 
of the Chords AC^ AN, wou'd^be dire6tly as 
the Squares of the rei]pedire perpendicular 

Sfrojies 
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Strokes upott Ac fame Planes. For, with rc- 
fped to the Plane CD, the Magnitude of the 
oblique Stroke, is to the Magnitude 6f the 
Perpendicular, as AD : AC Litewiife with re^ 
fpea: to the Plane KM, the Proportion of the 
Strokes is ^s AM : AN* But from tUs Natute 
of the Cirdei AD : AM : s AO : AW. The«- 
fore, &€: With refytdt to the Planes CD and 
BC; the oblique Strokes made upon tbeni, 
widi the DireftioAs AC, AB rei^edivdy, 
wou'd be diredly proportional to their corres- 
pondent perpendicular Ones. For the Triangles 
ACD, ABC are fimilar, and the Angles ACD, 
ABC (which the Lines of Diredion make with 
the Planes) are equal : Therefore this Propor- 
tion of the Strokes holds all over the Circle. 
With refpea to die Planes AN and BC, the 
oblique Strokes made with the Diredions AO, 
and BO, are alfo diredly proportional to,th?ir 
correfpondent perpendiculi^r Ones. For the 
fam^ Reafon as the laft. 




Cor. 



Cor. VHL 

If a Body letting oat from ^ Point A 
(TIG. V.) ffloved in the Diredions AF and 
AD, with an equal Degree of Velocity ^ the 
Proportion of the oblique and perpendicular 
Strokes won'd be as before ^ vi%^ as AF : AD. 

Let &11 the perpendicnlar FC from the Point 
F to the line AD. if the Body moving with a 
Velocity, as AD,- '^ ia a^ perpendicular Di- 
rcftion, ftruft the Flaac.at the P(»nt D» the 
Magnitude of the. direft Stroke at that Pointy 
wou'd be expounded by AD, and that, of the 
oblique Stroke in the Diredioa AD, wou'dbe 
expounded by AFi» Uke wiie, if the Bod]f mo- 
ving with a Velocity, asAF, and in.aperpcnr 
dicular DireAion, ftruck the Plane at D^ the 
Magnitude of the dired Stroke at that Point 
would be expounded by AF, and that of th$ 
obUque one in the Diredion AD, would be ex- 
pounded byAC(by OrJ.)fQr AD : AF :: AF:AC« 
But the Magnitude of thedired Stroke is the 
ifame, whether itbegiveaatthePoiat Dwitb 
a Velocity as AF, or at the Point F with a Ve- 
locity a$ AF. Therefore the Proportion ^f tbr 
Strokssr^mains^thefanae, 
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Cor. IX. 

The obliqne iSttoke (f i<7. V.) made ia the 
Diredion AD, is equal to a dired Stroke (made 
with a Velocity as much lets than that which 
the Body moves in AD ^ as AF is lefs than AD.) 

Fot the oblique Stroke is to the direft one 
made with the fame Velocity as AF : AD. Now 
any Two dircft Strokes made by the fame Body 
are one to another, as the Velocities with 
nvhich ttic ftriking Body moves, Therefore if 
thiefe'Velodties be as the Lines AF and AD^ 
then the Magnitude of the oblique Stroke with 
a Velocity as AD, is equal the Magnitude of 
the direa Stroke with a Velocity as AF : Or, 
vrhich is all one, the Magnitude of the oblique 
Stroke with a Velocity as AF, is equal thp 
Magnitude of the dired Stroke with a Velocity 
as AC 
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Lemma. 

If a Badfy Jiifcending by the Force if its Grs- # 
vity^ fir ikes ufon s Platte) let the Line of 
DireSlion he either Clique or ferfendicular 
to that Plsm ; the Magnitude of the Stroke 
is the famey as if the Bodj/ had moved all 
along in that fame Direiiion, with a Df- 
*^ree of Vekcity^^ es^ual to that which is 

. j^iftten ly thf accelerated Mt^ion, at the 

Point where the Line of Direffion meets 
the Plane. 

FOR the mdvijQg Body and the Line of Di- 
reSdoBy bdng each the lame, nothing but 
a difierent Velocity in ftrikiog upon the Plane 
can make any Alteration in the Magnitude of 
the Stroke. But whether the Body moves with 
aneqtiable or with an accelerated Motion, the 
Velocity with which it ftrikes ujpon the Plane 
is the fame, if the Velocity of the uniform Mo- 
tion be equal to that gotten by the accelerated, 
at the Point where the Line of Diredion meets 
the Hane. Therefore, &c. (i; E : D. 



Theok,. 
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If 4 Boijf moves i» the DireSHoiis AD, AV, 
from the Tom A^ hjtk farce ef its Or*' 
vHj, (FIG. v.) the Mi^hitittie (f the 
Stroke made with the ohli^tte Direction 
AD, fifMll be to that made mth the Dt- 
^ re0iom JF, ferfendictdsr to the tbrizot^ 

FOR (byttiefbregoi^I^^imM) the Strokes 
made with the oblique aqd perpendicu- 
lar Diredions, are the fanie as if the Body 

liad moved uniformly all along> with a Degree 
of Velocity equal to that gotten by the acce« 
lerated Motions, at the Points where the Lines 
of Direction meet the Plane. But the Velo- 
cities gotten (by the Defcents) at the Points 
F and b, where the Lines of Diredion meet 
the Plane, are equal (by what is Ihewn in Gali^ 
Uui% 3d Mcchsmick Dialogue. Therefore the 
Strokes are the fame, as if they were made in 

thofe 
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thofe Direftions, with equal Vcolcitics in uni- 
form Motipns. And therefore (by what has 
beendready Ihewn) the Stroke by AD, is to 
that by AF, as AF : AD. Q.: E : D, 

Cor* 

Therefore where the Body defcending in the 
perpendicular Direftion AF, acquires a De- 
gree of Velocity, as much lefs than that which 
it acquires by the Defcent thro' the whole 
Line AF, (or which is all one, by the Defcent 
thro' AD) as AF is lefs than AD v 1 fay, where 
it acquires fuch a Degree of Velocity j there the 
dire9: Stroke made upon a Plane drawn thro* 
that Point, parallel to FD, fliall be equal to the 
oblique Stroke made in the Diredion AD upon 
the Plane FD J the Body in both Cafes moving 
freely by the Force of its Gravity, as was fup- 
pofed in the Theorem. This is demonft rated in 
all Refpedslike the 9th Coroll. of the foregping 
Problem. 

From hence we may eafily folve the fol- 
lowing Problem, 
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Problem. 



A Bodj moving by the force of its Gravity 
in the bire£iion AD (FIG. V.) V^ r^- 
quired to determine the Point /C if^ the per^ 
fendidalar Direction AF ; fo that the Mt^ 
nitude of the direct Stroke made ufon the 
Plane KJrl^ hj the Defcent thro^ the Line 
^Ky i^d equal the M^nitude of the oblique 
Stroke upn the Plane FD, by the Defcent 
thro' AD. 

TAke AE=AC, and cut the Line AF fo in 
the Point H, that AF, AE, AH, may be 
continual Proportionals, the Point H Ihall be 
that required. 

Let V = the Velocity acquired by the De- 
fcent thro' AH, and V= that acquired by the 
Defcent thro' the oblique Line AD 5 and W= 

that 
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dwfc ftCqiNarteft: ^y the Defeat thro* AF. By the 
Cogftniaion AF : AV. i : Afe : '■ AH, thcfeforfe 
AFi: vAEfl;,;AF: AH, and AF.AE:: \/aF: 
V.AHfr «h*t. is (fince AE =AC) AF-AC:: 

V AF : y AH. Now , (by what GoULm has 
dcmotfcftratedTj&for.i. pial. j' ) W.v:: s/h$: 

V A H," tiiat is, the Velocities arc in the fiiftl 
duplicate RkiU^i theSpacesf un, by Equality 
of Proportibn^ therefore W t ^ : : AF : AC Btlt 
the V^odtiis gotten by theOelcents thr6'4he 
Lines AFaha AD are equal, by a Propofition 
of GaliUus^i quoted idready) that is WiV- 
therefore V : v : : AF : AC^ bnt AD : AF : : AF- 
AC, therefore V : v : :' AD : AF. That is, the 
Velocity gotten by the Defce^t thro' AD, 'is as 
much greater than the Velocity gotten by the 
Befce^ tftfo* AH, as AD is bigger than AF. 
Thererfore (by the forgoing Ctro/ary) the Mag. 
*kl«i€-of thedirea Stroke made with the Ve- 
-toeity^gatt^n by the Deftest thro' AH upon the 
*laoe Ctt, ^Aall^ be c^iiai tb the Magaitude of 
the oblique Stroke made with the Velpcity got- 
ten by the Defcent thro^ AD upon the Plane 
FD. Q; E : D. 

Gqiflg, back by thefe lame Steps, one may 
thus determine the Point H. That the Point 
H may be fuch as is required, 
ItmuilbeV:t;::AD:AF 2 By the foremen- 
, . or V : -v : : AF : AG 5 tion'd Corott^. 

^ ^ But 
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AndVis = W \Lm,^.^. 

Therefore it is alfo V : v : : \/ AF : \j AH 
Therefore it mult be \^^F V AH:: AF: AC 
That is^itmuIlbeAF: AH: : h^ : ACq 
or (if AE=AC) it miift;be AF : AH : : AF<i : AE"^ 
Therefore puttii^ AE=AC, theUaeAFmoft 
be divided fo, that AF, A£ and AH may be CQi^ 
tinuai Proportionals. Q^: £ : I. 

T H E O lU II. 

If 4 Boiy defeending by the Force of its Gra^ 
vity Qn Any DireStionj whether ferfendi^ 
€ular or oblique J ftrikes ufon fardUel Planes ; 
the Magnitudes of she Strokes (tvhetber di^ 

, re£i or (Clique) JbaB be direBly frofortio^ 
nd to the Times of the Bodfs Dejcent in 
thofe Directions. 

C j4 S E l. 

LET the Body dcfcend in the DircSion AF 
(F/C? . V.) perpendicular to the Horizon- 
tal Lines H C, FD. The Strokes made upon the 
Planes HC, FD, after the Defcents thro' AH, 
FD, are as the Velocities with which they arc 

made ^ 
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made-, that is, as the VdodtJes gotten bythofe 
Dcfccnts. But the Velocities (from the Nature 
of uniformly accelerated Motion) are propor- 
tional to the Times. Therefore, &c. Q; E : D. 

CASE II- 

Let the Body defcend in the oblique Diredi- 
cn AD. The Strokes made upon the Planes 
HC, FD, after the Defcents thro' AC, AD, are 
to the former direft Strokes upon the fame 
Planes as AH, AF, to AC, AD, by the foregoing 
Theorem. Therefore the obliciue Strokes arc 
direftly proportional to the direct ones, fince 
(from the fimilar Triangles): AH : AF : : AC : 
AD. Therefore they are alfo as the Times of 
the perpendicular Defcents, by the former Cafe. 

But (by The0rAlh of GaliUuss 3d Mechanick 
Dial.) the Times of Defcent thro' AC, AD, 
are to the Times of Defcent thro' AH, AF j 
as the Lines AC, AU, to the Lin^s AH^ AF. 
Therefore the oblique. Strokes upoQ tbe Planes 
HC FD, are alfo diredlly proportional to the 
Times of the Decent of the Pody in the' DU 
redions AC, AD- . a;:E : D. . ( 

The Strpkes either oHiqiie or clired, mac^e 

upon the the Planes HC, tb, are as V AH, an>d 

VAf* o»^38 Vac, mi/'AV>; or, whlcU 

^' D 3 i^ 



isaUone, they are a^ the Ordmates (of arPara^ 
bolaj bclouging to t\it, Jhfa ft AH^ AF, re^ 
fpciiivcly. 




T H E O R. IIL 

ji Body defcending by the Force of its GrAvity 
in Lines of Dire^ion of equd Lengthy hut 
unequaBy encliti?.d to Two Planes ; the Mag-^ 
nitudes of the ohlique Strokes JbsB be to one 
another dir0fy M the fquare Roots of the 
Cubes of the ferfenaicular Altitudes (f the 

Lines of Direttion. 

' * 

LET (FIG. VI;) KC^KL, and a Body 
defcending in thofe Dircdions, ftiike 
upon the Horizontal Planes CD, LE. Draw 
JCDE perpendicular to the Horizon, and con- 
fequeritly fo to' each of thofe f'Planes. Let 
Dexprefs the Magnitude of the direS Stroke 

' ' madq 
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made upon the Plane LE, O the Magnitude of 
the oblique one, d the dired Stroke upon the 
Plane CD, and o the cprrefpondent oblique one. 

Then^:-.::KC:KD S^rhecr.l. 
Aad D;0::KL:KE *- ' 

Thereforeo:0::KDx\/:KD:KEx V : KE, 

KC - KL 

Bot KL=KC, by the Soppofition, 

Therefore o : O : : KD^ : KE», that is direaiy 
asthefqaare Rootsof theCobe»of the AUitudds 
of the Lines o^ DiredioQ. Q,;E:D. 
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1* H E O R. ly. 

u< Bi>i)f deJc€Mdmg by the Force of its Gravity 
in a Line of Dire^ion, which is unequdlty 
enclir^d to Two PUms (meeting the fame 
Faint) the Magnitudes of the oblique Strokes 
given upon thefe Planes^ fhall be direStly 
as the perpendicular altitudes of the Line 
' of Direction. 

LET (JIG. VII.) the Body dcfcend in the 
I Diredipn KG, and fo ftrikc upon the 
Planes G A, GH, making the Angle AGH. Let 
KA be perpendicular to the Horizontal Lin^ 
GAj andKH be perpendicular to the enclin'd 
Line GH. The Strokes pade by any accele-r 
rated Motions are the fame as if they were 
made by equable Motions in the fame Direfti- 
ons, and witb Velocities equal to thofe got- 

teA 
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ten by the accelerated Motions, at the Points 
where the Lines of Diredion meet the Planes 
(by the foregoing Lemma.) 

But fince the Planes AG, HG, meet the Line 
of Direction KG in the fame Point G ; the Body 
falls upon both Planes with the fame Degree of 
Velocity, viz.. that which is acquired by the 
Defcent through KG. Therefore the Strokes 
made on the Planes AG, HG, after the Defcent, 
are the fame as if they were made in the fame 
Diredion, and. upon the fame Planes, with 
one and the fame Degree of Velocity, in equa- 
bly Motions, put if they were made with.tbt 
fame Velocities inequable Motions, the Stroic 
upon AG would be to that upon HG, asKA : 
RH (by an rV. >r^^. I.) 

^ Therefore the Strokes are in the lame Pro- 
portion now ; that is, diredtly as the Alti- 
tudes of the Line of Direction above the Tv^o 
plknes. CI;E:P. :> 



Th«oi^, 
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Fig. 7. 
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T H E O R. V. 

A Bodji JiefcenAif$g hy the F&ree of its Gtm^ 
vity in Lines of Direction of unequal Leffgth 
and Inclinations to a Plane^ but equaty 
high ; the Magnitudes of the oblique Strokes 
jbaB be reeiproeaSj as the lengths of the 
lanes ^fDireHion. 

LET the Body (f/G. VIL) dcfccnd in the 
Diredions KG, KI> and let the Angle 
AGH=IKG ; then Ihall the Angle KGH=KIA. 
Nowbecaufe the Velocity gotten by Defcent 
thro' KI, is equal the Velocity gotten by De- 
fcent thro' KG, (by a foremention'd Thear. of 
GaUUfis\) and becaofe the Ajogle KIA is = 
KGH; therefore the Stroke with the Dtredi-^ 
pn KI upon GA, is equal the Stroke with thq 
Direction KG upon GH : For the Lines of Di- 

redioQ 
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roaioi ratie. tbe fine Angles nith tlie Planes, 
«jBd thefiody faUs upoa them with the ferae De- 
&t» of Velocity. But (by Tbear.lV.) the Stroke 
with the Direaioa KG open GA, is to the 
Stroke with the fame Diredion KG upon GH 
as KA to KH j that is (becaufe of the fimilar 
Triangles HKG, AKI) as. KI to KG. There- 
fcre allb the Stroke with the Dircftion KG up- 
on GA, is to that with the Direftion Kl upon 
GA, as KI to KG j that is ledprocafly as tbe 
Lei^tbs of tbe Lines «f Diitaion; Q.: E : D 

H E O JL. VI. 

^fth&faSjf ; J;,j Tm oblique Strokes givem 
by d Bodj, defceniing hy the Tone (fits 
Gravity, are in the Ratio emfmnJkdof 
of the direa Ratift^/ tbe/^e Roots ^ 
the Quies of the Altitudes, smd tie reti- 
freed Ratio <j the Ler^ths of the Lhtes 
6f DireHioM. 

This is demoqftrated by the Thirdand Fifth 
Theoi-ems. 

N. S^ la like manner we may demonftrate 
Theorems for the Quantities of Strokes, wbca, 
the .IVlotions are perform'd according to any 
other Law of Acceleration ; as when the Velo, 
citiesarein the nuplicate,'. Triplicate, or m^ 
other Multiplicate or Sab-multiplicate JP/tf<V of 

the 
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the Times : Concerning whidi fee Dr* W^Bkh 

Trap. 5. Cap. la D^ MaarPr^jeBontm. But fuch 

Motions as tbe(e not being any where found ia 
Nature, we'll pafs over that Speculation. 

S C H O L. I. 

The Proportions relating to the Bufinefs of 
Perculfion, already prov'd in the CaroBaties of 
Pr^b. I. may be aptly enough computed by a ge- 
neral Cdknlm^ a&er this Manner. Let D. i* 
cxprefs any dired ot perpendicular Strokes. V. 
V. the Velocities with which they arc made 
refpeflrively, O. 0. the correfpondent oblique 
Strokes, made with the fame Velocities as the 
iperpcndicular ones, H. h. theHypothequla'sor 
longer Sides that expound the direft Strokes. 
P^f • the fliorter Sides or Perpendiculars (from 
the Lines of the oblique Diredions to the 
Planes upon which the Strokes are made) which 
expound the oblique Strokes. M./ fiu the Mag- 
nitudes or Bulks of the ft f iking Bodies, which 
79^ fuppofe to be HomogeneaL And let it be. 
obferv'd (which I mention here once for all) 
that all the (3[uantitics exprefs'd by the great 
Letters do belong to one another, and fo like- 
wife thofe exprefs'4 by the little ones. Thus 
d exprefles the dired Stroke made by th? Body 
whofe Magnitude, is n^y its Velocity v^ the 
oblique Stroke made by the fame 0^ tl»e Line 
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^at expounds that dired Stroke h^ that wbich 
expounds the oblique^. And fp of the others. 
It's obvious, that if M=:wi, then D : dt: 
V : V J and if V.-sv, then D : W : : M : wj fo 
that univerfally D : d: : Mx V : wixt/ v the Mag- 
aitudcs of any Two dirciSfe Strokes jare in the 
Hdtio compounded of the dired Ratio's of the 
^Aagoitudes, and the Velqcities of the moving 
Bodies. Therefore if D=:i^, ihenMxVFw^v, 
and Uint:: v;V ^ Jf the Magnitudes of the 
Bodies be reciprocally as the Velocities, the di- 
. reft Strokes fliall be equal. Agaiq, D : O : : 
ij :P, and d -. o::hip^ fby the, general Tlb^^r. 
found, at Pre^t. |.) but univerfally D: d :: MxV : 
m>^v^ therefore U^V : O ; : H : P, and mxv : 
o:: h: py and confequently O : ^ : t MxVxP : 

. mxvxp univerfally. That is, the. Magnitudes 

h 

of any oblique Strokes are in the ' Ratio com- 
pounc^ed of the dired Ratia of the perpendicu- 
lar Strokes, the direft Ratio of the Aaltitudcs, 
and the reciprocal Ratio of the Lengths of the 
Lines of Diredion. Therefore if MKV=mKv^ 

that is, if D=^, thenO :o:: ^t: : ?^h : fxH j 

that is,the oblique S?tfokes are in the Ratio com- 
pounded of the direft Ratio of the Altitudes, 
and the Reciprocal of the Lengths of the Lines 
of Direction j as was dempnftrated at Cor. VL 

If 
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If P=p, then O : » : :4 : 4 -'^ ' H» ^^*f^ was 
Ihcwn at C(nr. V. If H=j!>, thea O : o: : p : ^, 
which was proved at Or, III. If ^=5 f-, that 

IS if P: ;:: H : &, that is, if the ReftatigBlar 
Triangles be fimilar (and fo the Angles of ^he 
Lines of Direftion upon the Planes be equal) 
then O •. 01 : (Mx V : m^^v : :) D : d^ as ^s de- 
monftrated at Cor. I. and exemplified in fi>me 
particular Inftances at Cor/ VII. Laftly, To 
find an obli^Jae Stroke eq«al to a dired one 
made With ^ lefs Degree of Velocity, that is> 
the oblique Stroke O equal to the direft Stroke 

d. Tis clear, that 9.= 2^-i but 2.--^> 
and ^^MW^^^^^f^ O^PxMxv ^^ 

d mxv d Hm>^v ^ 

quently O: dii PxM*<V : H^iwxv nniteriafljr. 
Therefore if it be the lame Body, that i^ if 
M:;:»i, then Qidw Px V : Hxv j confequcntly, 
if O = ^, then Px V = Hx v> or P : H ;*:, v ; f . 
That is an oblique Stroke is = to a dired one, 
made with a Velocity as much lefs than thfit 
with which the Body moves in the oblique Oi- 
redion^ as the Perpendicular Pis lefs thantiNe 
Hypotheaufe H, whick is G^r. IX. 



To 
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To carry this on to Strokes made by Mo- 
tions uniformly acclerated : Let us reaflume the 
univedal Analogy before laid down^t^^'x. D : // : ^ 
Mx V : mxv. Where it needs only be noted^ that 
the Qpantities V. v. which before exprefsM the 
uniform Velocities in equable Motions, do novr 
exprefs the Velocities gotten by the Defcents 
(in accelerated Motions) at the Points where 
the Lines of Diredion meet the Plane* By 
Tibr^r. L theie Analogies hold good in the Cafe 
of accelerated Motions too ; viz.. D : O : : H ; 
P, and d": if ::h :f. And therefoi-e (as wasftiewn 
in the Cafe of equable Motions in the foregoing 
CalcHlui) Mx V : O ; : H : P, and m^v \Q::h: p. 
But ^.froni the known Law of Gravity) tis V : 

V / .• P* : f^ (the Velocities are in the Sabdupli^ 
cate Rdtia of the Lines of Defcents) therefore 
M^P* s Q :: H « P, and mxp* :o'':h :f. There* 

fore O : o : :M^ : ^ univerfaUy. That is, 

the Magaitodes of any Two oMiqoe Strokes are 
ia the Rmm eompouaded) of thK dired Emt of 
the Bodiiw, thcdiredif^fMof thet Powers of 
the Altitude and the reciporocal i^ttVof the 
Lengths of the tines of E>ircaioo. Therefeiw 

if M=:»/», then :*::--. :. ^A which was the 

H l> 

SiJrth Thetnrn fiwrgoing. If P=f •, then O : • :-: 

i 
H 
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^ : ^-J as was dcmonftrated at Theor. V. If 

Hzri^ thcnO:d::P*': p*, as was ihewaat 

n^^r. III. If|=:' that is, if P :;::H: fe 

Ho ' 

(that is if the Rcaangular Triangles be fimilar, 
aad. confequcntly the Angles of the Lines of 
DireSion upon the Plane be equal) then it will 
be O : » : : P* .- p*, or O : • : : H* : A% which was 
the aroB. of Theor. XL Alfo becdofe V : v : : 
P*.-;.*, therefore O :<»..; V:v but jputting 
T^,thc Times of Defcent) 'tis V:v:: T: t (from 
the Nature of uniformly acdefrated; Motion) 
therefore : : : T.-^, which Was Cafe II. of 
THeor. U. and the firft Cafe wiO b^ as ealily 
deduced in Uke manner. Laftly-j to find an 
oblique Stroke equal to a dired one made with 
a lefs Degree of Velocity, I proceed altogether 
as in the CslcHlm for the like Cafe, in the 
Hypothecs of uniform Motions^ andfo come in 
general Terms to this Condufion (there inve- 
ftigated) that 0=^,whenPxV=5Hxv5 that is 
when P: H : : V : V. And this is the C<^lia,y to 
Theerxl. about Motions uniformly federated 
And why 1 may by the very fame Sitps advance* 
towards the Condufion, in the Cafepf acde- 
rated Motions, that I did in the Cafe of equable 
Motions, I dare prefumc is cvideirt to any one 
that confiders but the foregoing Lemma, and* 
the Theorem that immediately fuccceds it. 

But 
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But now to work more particularly and di- 
reftly to determine whereabouts a heavy B^dy 
in its perpendicular Defcent (hall acquire fuch ^ 
Degree of Velocity, as to make adired Stroke 
equal to anobliqne one ^ that is, where fliall 

^d. It's plain, that- =S^ ?i but(by n^or.L) 

4 U a 

fr-=:— , and^=:J- (by what has been fliewn 
already) and Y-=: L^ (by the Law of Gravity) 

Therefore ^ = | .{^ ^fe, ~°^^"*°^^^ 
O : ^/.-r P*: Hx^». Therefore when 0=:^, then 

P'=Hx/?f,andfoP:H:i/:P*. Therefore if 
(FIG. V.) wepot AF=:P, and AD^H^ then^ 
(= AH the Length in the Perpendicular that is 
fought) muft be fuch, that AF : AD :: \/AH: 
\/AF* But AF : AD : : AC : AF^ therefore AH 
orp muft be fuch, that AG : AF ::\/aH. \/ 
AF. That is ("putting AE=AC) we muft havt 
AE^ : AF^ : : ah j AF, or AEfc AFx AB, and 
fo the Lines AF. AE. AH muft be continued 
Proportionals i which was the Conftruftion be- 
fore proposed. And the Amount of it is no 
more thaa to let fall the Perpendicular CH 
from the Point C, Wihich determines the Point 
H that wa^ fought ; fjince'tis certain (from the 
Cmilar Triangles) that AF: AC:: AC: (ot 

AE)AH. QL:E:L 

E Ha- 
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t 

scHOL. n. 

Having at Theor. II. maiie Ibme Comparifbn 
between the Times of a heavy Body's Defcenti 
and the Magnitudes of the Strokes made upon 
a Plane after thofe Defcents i it may not be a* 
mifi to pnrfoe that Matter a Uttle further. All 
the Symbols (landing as in the foregoing Scho' 
Uum:^ letT^ r, exprefs Timcsof Defcent, in 
the oblique Lines H.^. 

t. Tis certain, that when c^ ^ 

But airo when P — p, then cBy Themr. 3. 
Trt-H.A iGdULidDial. 

Therefore in this Cafe the Quant;ities of the 
oblique Strokes ar^c reciprocally as the Times of 
•Defc«nt. 

a.IfH=i&,thenO:tf:rP»:/»*iBy Them-.^. 
But alfo when U^h^thcn T : t: : c By Theor. 4. 

f*:P» 1 Gain. 

Therefore in this Cafe the Quantities of the 
oblique Stroices are reciprocally as the Cubes 
of the Times of Defcent. 

3. When neither H=A, dor P=/»jC 
then univcrfally 0:e::hx?*: H^p** ByTTww.tf . 
But »tis alfo univerfanj, T : / :: S^Tbetr.^. 
Bxp^ihx?^ ^ Galil. 

So 



•i 

J 



So tfaat the Magnitudes of the ji^Iigoe Strokes 
are uaiverfally in tlie Rdtio compotinded, of the 
Reciprocal, arid the Triplicate Reciprocal Ratio 
of the Times of Defc^nt \ that; is, Reciprocally 
as the Biquadrate^ of them. Aad this Rule may 
belaid down as an univerlal one to e^ptefs jhe 

ftroportion in Lines, viz,.—z^ :^^ : :-— LL . 

fix; : : fc X P : H'x/ j or 0'<f : «xT : : A'x P* : 
*J<P* , . •• ,. 

,ff^y. .^ ,, 



» ~^ 



The Quantities of Strokes mafle upon Curves, 
way be coihputeH ds WtU as^dfd upon' r*ight 
Lines. ¥ot the^Sftrokfe upon any; Point of a 
Curve is the faftitf With' that ifpoii k Tangeht at 
the fame Point : Since the Declivity of a Cujrve 
and its ifailg^nt are the famd ^t the Poinijof 
Cbntaft. Prop, i s.Caf. :;. of Dt. Wallish' Mc- 
cljohkh. Upott this Head therefore I think it 
riot iflipf oper toTubjblii a Theorem or two. 
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T H E O K. VIL 



ht d Circle t the olUique Stroke nude ufoft the 
Curve at any Voint as E {FIG. VIII.) 
mth the DmeBio» iofihe Ordmate to that 
Point FEi it to a direB Str^e made at 
the fame Point, and with the fame Vehci" 
iy (vhieh I every vft^e fufp^e) at tbeOr- 
dinate FE to the Radius EA. 

LEttiflg fall FH perpendicolar frc^ F to the 
Taiogoit ME } 'tis plain by what has bera 
fhiewn, that the oblique Stroke upon the Plaia 
ME, with the Diredion FE, is to the dircft 
one as FH : FE. But the Stroke upon the Tan-» 
gent, and the Curve is all pne at the P<an^ of 
Contad E \ the oblique and dired Strokes 
therefore upon the Curve are as FH and FE. 
But the Triangles FHE, AFE are fimilar j and 
FH:FE:: FE:EA. Therefore, C^c. Q; E : D. 



COK. 



C O R^ I. 

, The oblique Stroke upon the Curve at E, 
with the DiredioQ FE, is to the dired Stroke 
at the fame Poiat \ as the oblique Stroke upon 
the Plain at A, with the Diredion EA, is to 
the direft Stroke at the fame Point A; For both 
Proportions are that of FE : AE. 

C O R. II, 

• 

The oblique Strokes made with the fame Vc^ 
locity upon the fevcral Points of the Currc, 
and with the Diredions of the Ordinates \ are 
one to another diredly as tbofe Ordinates, or 
as the Sin^ of the corefpondeht Arches., Thus 
the oblique Stroke at E, is to that at C, as the 
Sine of the Arch LE, to the Sine of th? 
Arch LC ' 



'-> 



. *' 
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T H E O R. VL 

The (AUfue Strokes made upon the Curve cf s 
Pj^abpUj VBtifhthe UireSliom of the Bfo^ 
meters (f that Paratoid ;. sre ever ip fhe 
SubdupUcate Ratio of the direil Strokes. 

LEt GE be any Diameter of the Parabola 
BGH. iFIG. IX.) whofc Axe is BL, Ver- 
tex B, Focus D. Conceive a Stroke made in 
the Dirjedion EG, upon the Curve at G, or 
which is all one^ upon the Tangent GA at that 
ppipfc Draw DC perpendicular from the Fo- 
cus to the Tangent j likewife EF perpendicu- 
lar to the fame from the Point E. 



By 
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By whar has been hitherto Ihewn, the Mag- 
nitude of the oblique kroke at G is to the Mag- 
nitude of the direa one, as FE : GE. Put from 
the Nature of the Parabola, the Angle F-GE is. 
always = CGD, and tbofe at F and D are right 
ones by the Ckjoftruaion •, therefore the Tri- 
angles FGE, and CGD are always fifnilar. 
Therefore fmce FE : GE : : CD : DG, the Mag- 
nitude of the oblique Stroke, js to that of the 
direa always as CD ; DG. Bat ifrom the Na- 
ture of the: Parabola DG is ever as CD?, that 
is the Diftanceof any Point in the Curve from 
the Focus, is ever asthe Square of the Perpen- 
dicular from the Focus to the Tangent at tliat 
{ame Point (Which Property Our Celebrated' j4u- 
ther derhonftTates at Leijt. 14- ^^- 3- ^'^- '' 
and wMch we ftaUafttr wards give the Invefti- 
gation.of.j Therefore the oblique Strokes.ere 
ever. in the 5^bdupUcatc Ratio of the direa 
oaes. Q.; E i D. 

It 

C O R., I. 

'TIS manifeft that the fame Proportion holds 
with reiTpea to the oblique Strolws made wptfc 
the Dlreaionsof Lines, dirawn out bf-^hefo. 
<;qstoa»yPoiints in the Carve/ - 



\ » 
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Cor, II. 

If the direft Strokes be made with the fame 
Velocity and fo be equal, the oblique ones ihall 
be equal all over the Parabola. For they are 
{till in the i Ratio of the dired ones v and to 
be ever in any certain Ratio of Equals, is to be 
always equal. 

^ T H E O R^ IX. 

If the Curve in FIG. IX. were either of the 
other Conick Sedions, one ofwhofe Foci 
were D, as before y and the other Focus were 
at the Point B (f^ing^ either within cf 
without the Section) the Profortitm <f the 
direli and oblique Strokes made upon the 
Curve wou^d be as b^ore, viz. 4s the Diy 
fiance from either Focus to an^ Point in 
the Curve is to a perpendicular from the 
fame Focus, let fall upon the Tangent at 
that Point. 

THIS needs no Ekmonfiration. Pot then^ 
gs in the EUipfes, the Perpendicular fro(9 
the BfiCHs to a Tangent at any Ppinf is ftill io 
lefs, and in the Hyperbola ftill in more, than 
the i Ratio of the Diftance of that Point from 
the Focus (of which w4b may have Occafion to 
ipcak more hereafter) fo in the ioxxsm Curve 

will 
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wiU the oblique Strokes (made with the Di- 
regions of Lines drawn from the Foau) be ftill 
in lefs, and in the Hyperbola ftill in more, than 
the i H^tip of the dired ones. 

Bat I fihall now proceed to the Explication of 
the Ad€ch4mck Powers. 



Fig. 10. 
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II. 



4 Body being fu^aif?i by a Vomer (sSling 
. mfh My given Din^ion) ufonm enclind, 
Flane ; '^t is required to fnithe frofortion 
of the Potper to the Weight of the Body. 

LET the Weight A (FIG. X.) be held up- 
\ on the enclin'd Pl^ne HF, by a Power 
afking witli the Dir^djon AB. Let AE be per* 
pcndicular from A (the Center of the Body) 
to the enclinM Plane, and produce it to C in 
the Horizontal Line HG, Draw CB (perpen- 
dicular to HG, or parallel to EG) to cut the 

Line 
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iXw of Direftlori in B : And Ldtty, (to com- 
plcat the ParaHelograttj) draw the Lines CD 
and AD, parallel toAB and BC refpeaively. 
The Body now is to be conceiv'd as faftain*d by 
Three Powers (one of which, is equivalent to 
the other Two) one, the Power^ whofe tt- 
reaion is AB j the other, the Force of Gravity, 
whofe Dircdion is AD ; and (in the Room of) 
the third, the Refiltance or Co'ntranitence of 
the Plane, whofe Diredion is AC perpendicu- 
lar to it Therefore (by the third general 
Theor. after the Laws of Motwi) the Power at 
B is to the Force of Gravity, as the Sine of the 
Angle GAD, to the Sine of the Angle ACDj 
that is, as CD: DA. Q;E:I. 

C O K. I. 

If the Line of Dircaioa AB were parallel to 
the enclih'd Elane HF, then the Angle CAB 
would be a Right one, for AG is perpendi- 
cular to HF. Confcqucntly the Rcdangular 
Triangle CAB, will be fimilar 1^ the Refifcan- 
gular Triangle FGH. From thence AB : BC : : 
(that is, dp: DA::) FG : FH -, fo that tl>c 
Power is to the Force of the Weight, as* t*fc 
Sine of the Angle of Elbvation (FHG) to the 

Go%, 
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Co R, II. 

If the Line of Qireaion AB were parallel to 
the Bafc HG, then the Angle DAB would be ^ 
Right one i and confeqnently CD : DA : : FG : 
HG ^ and fo in (bis Qfe the Power is to the 
Force of the Weight, as the Sine of the Angle 
FHG, to the Sine of the Angle HFG. 

C o K. IH. 

. That Power which fuftain? a Body upon an 
^nclin'4 Plane, haying its Line of Direction 
^parallel to the Plane \ is lefs than the Poiyer 
which fufl;ains the, fame Body upon the fame 
Plane, with a Djre^ftion paraHel to the 3afe. 
For ia the former Caf? tte Proportion is as 
.FG^FH, and in the latter as FG: HG. And 
'tis eyideat that 'tis as»uch4efs,as HGis lefs 
. than FH- 

Co R. IV. 

The Fpyce hy ?{hich the JWy eo^eayptirs tio 
defcead up^a the ^clind Plaw, is to the Force 
by whi<;fa4t:^^F9urs to.deitea^ in a Pcvp^j^- 
dicolMr> as CD : PA iwiver&Uy (which n^ay be 
eafily determined to the p*rti««lar Qafej of 
£9f. \. and n.) For the P«wr i^ to the ^hfo- 
Iiite Force of the Weight (thatky wbiob it cn- 
deavonrs to 4^focnd in a pferj^flsdicnlar l^i- 

redtion) 



reftioa) as CD : DA, by what has been ihewa. 
Bat the Power iiciftaias, (afid idierefore is equal 
to) the Force by which it endeavours to de- 
fcend upon the eaclin'd Plane. Therefore thefc 
Forces of the Ebdy are alfo in the fame Ratio. 

C o Ji. V. 

JFropi the fame Principles we may compute 
the Proportions of the Power to the Gravity of 
the Weight ; when the Inclination of the Plane 
(upon which the Weight is fuftain'd) is conti< 
nually changing ^ that is, when we imaging the 
Body to be held fucceflively upon thefeveral 
Points of any Curve Surface-, in which Cafe 
the Tangents to tbofe Points, are the changing 
enclinM Planes that we are to confider. 

Thus we may conceive the Line HF (pig. X.) 
to be the Tangent of fome Curve (whofe Ver- 
tex is in Ibme P6int between F and G) FG the 
Subtangent, and HG an Ordinate from the 
Point of Conta<3: H. »^is evident, that to 
fultain the Weight A continually upon the 
Curve, there muft be a different Power for 
every difibrent Point where it refh. And the 
Proportion of the Power to the GAiiHity <rfthc 
Weight J fop every different Point will be as 
the Subtangtnt to the Tangent, in the Cafe of 
Cor A. or as the Subtangent to the Ordinate, 
in the Cafe of G^ 11. Therefore applying the 
Sabtangents and the Tangents, or the Subtan- 

geats 
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gdots, and the Ordinates, to fome commoa 
Axe; the; Curvilineal Figures thence arifing^ 

will give the Summatory Raiio of the Powers to 
the Force of Gravity, for all the Points of Ap- 
plication thro* the Curve, the Pandm relts upon. 
lEx.gr. 

If FH were the Tangent of a Parabola, whofe 
Parameter = r , and Abfciffc = x. The Sob- 
tangent than will be = 2Ar, and the Tangent 
' = yj rx-^-^x^ or taking the Halfe of both, wc 

IjaveAT, and V— ;^^+-JfAr, for the Ofdinates of 
Two Curves. Apf)lying thefc continually there- 
fore to the AbCcifle Qc) oi the Parabola, we 
ftall have aii Ifofceles Triangle, and an equila- 
teral Hyperbola,} for *tis plain that V^ x^xx 
is the Expreffion of the Ordinate of an equila- 
teral Hyperbola, whofe Traufverfe, Conjugate 

* * 

or Parameter are either of them equal to A 

If the Line of EKreSion were parallel to the 
fiafe HG, which is the Ordinate; then the 
Curve being fuppofed a Parabola, as before, the 
Two emerging Artas^ would be an Ifoll;eles 
Tri^glc^: 9xA that very fame Parabola, both 
having the fame AbfcifTe (jfc.) And in cither 
Suppofitio>n the Areas thus made exprefs the 
MMio T^sflis of the fuftaining Powers to the 
Force of Gravity. 



To 



S C H O L. 

To cxprefs thefe Matters in more gtocfal 
Terms J LctP./?/ftaadfbr ^owersj., G.^. the 
abfolutc Gravities or Forces of any Pondera 
fullain'd upon the enclin'd Planes. h.L tKe 
teogtbs of ^thofe Planes themfclves. A^ ^ their 
jjfscpendicular Altitude^. Kb. thdr Bafes. 
,. When the Line of EAreftion is |>arallel to the 
Plane, then (by Or, I.) we bave-F^G : : A : L, 

.«adf;. f :: ^::^ and univcrfally B : f : : ^ 



*|^. So likcwife G •& : : \- ■ ^ There- 
fore if P=p, then G : ^ : : *>«/: Ax/. If G=f , 
then P : p : : /^A : L^^. If L=/, then P : p : : 

GxA :£X4i and G '.^ :: -^ : r;^* If A:^*, 

th6n J' :? '• • L • f-; and G :g : : FxL : fxL If 

~-=y^, that is, if L : A : : f: a ^and fo the 
Redangular Triangles be finaiiar) then ?:/»:: 

When the Line of Dircdion is parallel to the 
Bafe, then (by'Ctr. 11.) we have uMVei^lly P : / : : 

^ : i^ ; an(Jfo likewlfe G rv : i-^ : i?l^. 

And from hebce the like Varieties of Propor- 
tions maybe deduced as before^ and both put 
into Thcoremt ia Words zt length, by any one 

that has a mind to it. 

I 



I /hgl] a4d Qoe or two Problems mon this 

Head of the endin'd PlaAC, and fo leave it 

,< - . ' . 

■ '. ■■ ■ 

P R O B. I. 

i^ Body being frfiAm^i by 4 Ftmer up an en- 
clin^d 'Blane\ ^tis nquired tofnd what Fro* 
Portion anotbef Body muji bear to it, tphoje 
abfalute Momentum or Force^ of defiend^ 

; ing in a Perpendi^la^^ jhailh equil to the 
Momentum- of .the other ^dy nfon tbe 
enclin^d Plane. 

I'LL take the Line of Diredion here, parallel 
to the Plane j and confeqiientiy ufc the 
Symbols in the* ftn-cgcring Schol. that relate to 

Cor.l. 

Let M f xprcfs the Magnitude of the Body 
held upon the enclinM Plane (at J^JC. X.) and 
ij»th9 Magnitude of the Body fought j and let 
their abfolute Gravities be G. p ' rcQjc^ivly. 
'Jis clear fronft C^reh. ill and 4th, that(the 
Exprelfion of the Force by which thd Body eri- 
deavours to defcendupda the endin*d Ptone^ is= 

^^^* 'Put this equal .to g^ the abfolute 'Mo^ 

mentm^ox Force* of Ptti)eiidicular Decent in 

tirBbdy.fou^t, , Then -£-=^p and GxA;= 

Lx/, But G ig : \U:.m Qhe Gravities of Ho- 

' ' '■ ' '■ • ^' inoscneal 
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t6Al 

IttdgcnealBodies arc proportional to thdr Mag- 
nitudes or Bulks) therefore M^A=t/ixLv and 
ib M : i» : : L : A. That is> a Body as much 
lefs than the Body propofed, as tlie Height of 
the enclin'd Plane is lefs than the Length of ir, 
will be that required. Ci; E : I. 

If the Momentum of a Body held upon an en- 
clin'd Plane were not to be equal, but in ^y ^ 
Ratio aSigtCd^ to the abfdlute Momentum oi z- 
nother Body , Ex^gr. in the Itatio of f : f. Then 

It wouM be---- :^::^:^ aad^xf= — j— '• 
that is, i«xp= 52iL-i^ from whence M: i» : : 

f: y-^ : : Lxf : Ax^r. That is, the Bodies muft 

J>c in the Ratio compounded of the dired R^i^ 
of L to A, and the Direft of f to q. Ex.gr. 

GxA 
Suppofe p: ^ : : G : -j- (that is, as the aMb- 

lute Momentum of the Body M, to its Mmen-^ 
tnm ufon the enclin'd Plane. Then *-?--" 

jj::G:— jr-> that is, O: "~r~-~f7 : jf> m 

which Cafe the Mmnentmn of the Body 'M 
upon the enclin'd Plane, comes to be a mean 
Propotional between its own absolute Mo'- 
fnenttm and the abfolute Momentmn of the 

(Body m. Therefore G;<^ =: -^> that is, 

•^L'^C^A*, or by equivalent St^bftitution, 

m)(.V 
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n!ixL'=:MxA'. J from v^hencc M :m: : t!: A* 
That is if the Body M be to the Body w, as the 
Sqojirc pf the Length of the Plane, to. the 
Square of the Height v tbeo the Moment nm jof 
the Bo4y M upon the encliad Plane Iball be a 
mean Ptopoitional, betveeea its o\yn abfolate 
Mfmentum* and the ablblute JMcrttentum of th^ 
Body i» J or Ficc Verp, 



Fig.llL 




> P R O B.. H-^ : . . 

A GioU ujliffg uf9n Two encUrfJi VUms^ 
p^hcbfut o»e Mothr at Right Angles. \ Hii^ 

. r^ffiorV t&fnd tvbat Pre fort iw of the Prejf^. 
forty oif BuTMsn eah PUne fafi^^ni. 

LE T the Glpbe H reli upon the Two en- 
cUtfdiPlaaes (F/ff. XL) AC and CD j 
and let the Angle ACD be a Right one. Ufing 
the Symbols as in the foregoing ScUl let G ex- 

F prcfs 



prefs the abfolute Gravity, or total Mmentmn 
of tlic Globe, whicli Is fliared bfetwiit the Two 
Piafiics'(tach of which bears its Part^bnt iii 
v^y t i^ropbrtion," we'are now to determine. 
hit *^C=L, AB== A : DC= if, DE= ^, accordiji^ 
tb the Intent rtf th^ Schd. The Angle ACD^ 
ma^e by the Two Hands, ' being a IXight bn'e- Bf 
the Hypothefis,' 'tisevident,' that jJieQpadrila- 
teral Figure GHFC is a perFeft Sqtlare j or; 
which is all pne, that the Lines IHF, KGH» 
which are the Lines of the Diredion of the 
Globe's perpendicular Preflureupon each Plane, 
art"*paralleIXo thofe Planes refpefitively ^ i^/z,. 
IHF p^allel to AC, and KHD parallel to DC. 
And that this coii'd not be, were the Angle 
ACE^an acutcoranobtufe one, is obvious to 

any (ine that cojifiders the Matter. F ronij hence 

j •» ». » 

thi«'it«fQDows,^ that each Plane perfotms to 
tile other, the Office ofaPQwer ading with a 
Direction parallel to the Plane. Thus the Plane 
AG fuftains all lUhat. Force of: the Globe, by 
which Jt, endeavours to dcfcend upon the qn- 
elin'd Plane DC, and which Force, H the ftahc 
AC were taken away^* c." ?ower!^ (ading with 
the' Direaion KG para)::} to-tbc* Plane ©C) 
wou'd &ftaixu So Jikewife the JHane p£9,^^u- 
ftains tY^Momcmimoi the Globe upon the Plane 
AC, which; Momentum wou'd beballarfc'd bja 
Power ^dirig w?th the Drredion tf pardlferto 
Ad if the Plane DG' were remtf^'d; ' Bnt-be- 
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/ides tI\cre.pi»fotes, ^h Phui*is4>tirtien'd;ivith 
pflp, of an<«|ieT Mn<i, . ,aij4 thJ^ i^; jl»t. ©if^^oe 
be^wc^ktt thp \tx{t^l abfolutc Moment unt o£ .the 
Globe and jhat relative oh''^it\:\i\ Mcmmnm 
With whkh thedloie c.-ideavtwrs-t^^ctlceHdii^- 
c«i that Plane. Fbr ifeither of thcPIancs fv^i*ti- 
iseitajviy, aiklaPowcr' wasfubftitjitcdla^t* 
*6oift<s€ it i ti«tt tbo' i\m. FdvKt fuftaift'd ttJe 
fiardea which f»-ds'd tfpoa tl^Ma&e lttfere,;V^t 
.tbeBodf ftitl reftlag ufi^iicK^^ber Fl«ti^,:tblt 
Bane k pbefi'd by- (t j*^ &«<! 'the Qjiaotities tf 
^huti M^memtid by. wjitdtxbtTPiaiKis 'pitoft^ 
taetidcBtly wl»t Was.joft.b(»iMrfIeftcid.i i^X'O 
^atc' Ajfefc^ Wop6f titns . tiercforei. 'tis, .c^ta^n 
Ihat'the Mtmentutit by vthich'trte (JJo6e'endca- 
'+t)urs ttf defeend u'ponlrlrc**IaH«;.tSC,is i^ j 

'tyiS^tteib'tiie Globe ehdeiv^MtFS-tbde&ajdtitJen 
the Plane AC,'is,=i^-''t^is the l^lanc'Bc 
foftains. But the Plane DC fuftainsalfothe A/o^ 
menttm G — ^— i and the Plane AC fuftains 

alfo tbc Ad^menrnm G -^ ^ -. Therefore the 
whole MomeiitHm^ with wlrich the Plaoe DC is 

burden'd^is =-~^4 ^^'y5if ; and the whole 
Ak\n0tHm with which the Plane AC is bur- 
den'd, is = ^U'^hli-^L And the Sum 

vt .: ; ; F 2 Of 



of tteflf T«rA Aggrigatas of lMmmd (with 
^hkh both the Plants are burdeo'd) tiafting 

aiGpstotwjce tjNe abiblute i)i0i»f#fiMi» of the 
.(^i^U^ .whkfi is «bruixl dDBd jfflpdiIHil0. Ear 
Jt^jx)^"!^^ of €he jE3i9beispiirr# 

:4«twc«i tbe^ Two 9\m^\ dxd wb«t tlicy f* 
7&itii fSKuiiot poffiUy exceed that. Wearetheri^ 
. Aire ias the eiKeU^t Mr* Uikmt . flitfif s t .^. 
iXi}^JS()f/^#t»jo^i<$8sO to tafke the «d& df 
rtfadfe:Siiimof '^liN^M, t>r (wkkh motmts to 
othe fi^DeV ad Artcbilletieal Miiii 



Am theo they will be ~= — ; — r» aad 

feUI^ /" ,^ / .. ^ ^ Sunn ^f which is = OL 

Plane, is dcteroiin*d. Q.: £ ; F., 
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Tm Fcmtfitfimipg*^^ other nfo» aVj)^k^\ 
^tis refuir*d tpfini the fr^fmipn tfot^' /*> 
the other. • • ' " ' ' 
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LET BC b? a VeQhy(F/G,im^ wbQfe EpVi 

aft wg with the DiredioosKft>^lC> ftfftaift«aih 
others For<^s,OT be w Efmli^h sfeout tb^ Fuldi 
mcnt D. Produce the Lines of Diredion till they 
meet in A, aad dr^w AP: Lite wife draw DE, 
DH pardlel to tte Lines of Diredion, and DF^.. 
DGpcrp^iciiIar to thcifl. : The* Fukitti^t^ 
orfix^di^oiitti), isberciftthefVeadof^al^ftird 
Po wtr^ and iti 1am of Dircdion is OA, d4Ki wa 
from Dto A, the Coocourle of the Lines of 
Direftioa of the other Two Powers 1 aiialt, * 
TJieVeftis tber^foris beiugbcld-fteady by theft 
Three Powers V Two of them (wiiich draw It 
with the Dite^ionsirom A to B,^and from? AtiD 
X:) dfifttQy the EfFcd of the Tbirdv which is 
to beifliaffA^ tP draw it wifcba Qireftioofroqi 
;P to A* >J^t the Refifttocc of the Fukioiierft 
X) (as th€^ V^itis is prefs*d down upon! it liy 
.the OtlKr Two Poweis) jsm raifccb as, iiJiotI*r 
INiwer ^S^i|$ it upwards^. Hritb a X^q<^ida 
ftom D to A, the poncourfe ci thfi: ic^Kf T ^lo 
j:^r«aiofls. Therefore (by Cor. IL of Tkor^ III.) 
^ • '^ f ^ ?ovver 
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Power I : Power K :: Sine Angle HAD; Sine 
Aogle EAD (okJUDA^ that isi' as HD: ED. 
But now the Triangles HDG, £DF are fimilar j 
fw the Angl<s$^at G and t are RlgKt ones by th^' 
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therefore the Trijingles are firailar. Therefore 
HO : ED :: Qth FD, and confequeutly. Powef- 
I J HwttR : r GD^FD •, that is, the Powers ar^ 
rcctprocaMy as the Diftances of their Lines of 
DiVcaion froni the Fulcimcnt. <5:E;I. 

ft • 

• • • . ' C 6 k:. 'I. • * • ^' • *- 
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. If .th« Lines of.Direaioo BK ao^ IC were 
pai-allfel ta each other, and perpccdicuar to th« 
Horiiofl, thcn.GD and OF woqld be ceiocidcnt 
«ith .PBaod DC Therefore thto the Powers 

' .wou'dbte rccipitocally as the Diftaaca(of thfc 
f oihts of Amplication) from i*fe Folciment. 
VVheri the lines of Direction of t1i« PoWers 
•te'psmllel in !the V'ec^ii, then iT iaftead of 
Two. Powers^ there were Twd W^igllts ap. 
peniied to the PciiatsB^ A the JWachfee w*)tfa 
tecoinc ^ commoB Liha^ ' the La*v of v^jcfe 
woAld be as irt the' foregoing C»r^y^ ;vii. 
fhtPoruUra (being -m E^itUikrUy ai-e >«i|>rd- 

ioiljy as their DilUnccsi fromtte Gettter oNHe 

' lihrs. Qj E:L . , r 

' ' ' ' ' . '* •■ ^ . •!'■'.*. ■ ^ 

: Ffom 
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Vmn tii&' EKpUcationi ^tie V^ais we rtay 
Ufithimt aay ftirthfer TrooW*, idedacc tbtTirdi 
lient^f the Wheel, orH&e Axis in Teritrhchlik 
fat if DO ibe tht R^n&nt "df tbc AaaS tb.\\hicH 

the Wbsd^ .«*r aotct? Circle it frlf, tiOi:wbipkl 
^osMriwpi^iediiiB. . Tfaeiiidc CB then m>y 
.be aiafidcr'd as a Veais,: of .whi?h ttopFulci- 
moat i$"Di,atid thff Pow^r baUandus ^ 
Welgbt,. that ife, the IVfechine beios beid pen- 
.fcaiyJfteady aad inuuovaliki . th« f ropein^iOR 
6i the .Pow.«r t« the Weigirt :Wi!l ht iI.vY,ays 

s& the C^ftaoees of tbp ]t,rnes of Pire^i<Hi 
'^om tbfff ulciacat D» teciprocaillyv tbatis^^^ 

E^ CD reciprocaUy,, ox,. wWch is. gU Pfle^ 
'thofeDifta^,cesbeu}Sti|c X*/y,. they villbe^s 

the Peripheries pf tl»e. W^ieel.and the A3?r«£i, 

;pro?^ Ci;E:I. ,: «' ' v:-i 
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From thefc Ftiadples are alfo to be deduced 
the Powers of thofeVnlgar Maehiaes, ScU&n, 
£iadiers,Sheers, fbrdpes, the CraaB. the Gim- 
blet, tbe Hammer (ts oTed andapi^ed to the 
drawing oat of a Nail) with varions othcrs.The 
fouriirftarenianifeftlyaPairofVeaej, placed 
CTofS'wife, and iriterfeaing each other.in their 
xmnmoa A(/crw». Tfaas if <i^ CDE reprcieated 
a'Machlae of that kind, where i><( is the Obex (n: 
Bod/ to be cat or compre&'d, then DC and 
EC being imagined to be produced diredly to ' 
« and fr, we have here Two Vedes in a croft 
<Fonti(Hi, viz. DGs afid EC^, the cemoton fni- 
trum of which is C (the Crater of the Rivet) 
ZoA the liioTii^ Powers being a[^ied at D and 
E, tbe other Extremities m^hy ^let applied to 
the Obftade. From -whence thefower «f this 
fort of Machine is eafily cftimated. The Body 
and the moving Powers will fuftaia one ano* 
' tbcf, when the Power is, to the DifficuUy or 
He-. 
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ReiBbiflce of the Ohftacie^ a» tfae DUhmco of 
each reciprocally from C As for the latter 
Mathines, they are more immediately rcducil)ie 
to the Axis in Peritrwhio^ tho' ultinijUely re*. 
ibjy'd into the Vedtis : The Power of the Ham* 
mer is, perhaps, equally explicable either Way* 
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Thfos the Power (FKT. XV.) being applied in 
A, the Extremity of the Handle, and the Ob- 
ftacle to be remoy^d or drawn oqt in B, then 
the End G is the Vdcrum or Center pf Motion. 
And the Power moving in a Circumference^ 
vrlioEe f.^u$ \% GA aiid tha jQbltacle (^when 
iBov!d) in anotlrar, wh^e KaMm% £B. Hence 
if the Forces ; (of the Powery and of the Re- 
fiftancc of the Obftacle) arc reciptocally, as 
thofe Peripheries, or thchr itfpcaive Sadij 
(whidi are the PiftaiKe^ frottfthc Fulciment) 
(My wi& fofbiii eta? another, and be in JE^ni- 
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* TTie ^fe^s'^iPtfte iffk fbvt lias htca UttkrM- 
eitplara'^V add Aat partly in it 0af, and partijr 
the*Afecfi2nes, %^^re iMaflytdatwd tok.'lkir 
ftch^arean'thofetfcat tetc'beca flieirtion'd im*. 
dcrtMi Heiid, tiAlef^ aby one' tluaksit: more 
ptop^ to tedocethe flattit^r (ifipUed to die 
Ufes iaft now meniion'd) to t^ Principle of the 
rccurv'd Vedis. However,"^]* twhich way it 
will; the Explication of tbeothcr kinds of 
VcStcs will not be improper nor anafefoi> 
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- Let (F/^. XVI.) D be thie^ FfiMmerit ®f tilt 
Vedtis BCD^ and thePowei^s ^ftand H, wiiofe 
Lines df DireSion ar e'CB and HQ be coHceiV'd 
to foftaintjne atfother upon it. - Produce ^^ 
Line KB- tiilit cats HO in the Point A, ^ 
Braw D£ paraM «S CAytillit: Ineets th« Line 
li^A produc'd in the P6tat E' Compieat %6q 
Parallelogram AEDH, and draw the Dlagoi^al 
4p. Laftly, From the Point D, let fall DG, 
D^ perpendicular to the Lines of DiredibAs 

KBA 
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ESftA xtid^ACH.' It will be ptw'd all together 
istbe fame MaAneras in theGafe of thelbi'^^ 
mtir VeSU; that the Power at H, is totfie 
Bmm: at K> as ED: DH ^ that is (becattfethe^ 
ReAangular Triaagles DGE, bFH, are fimi- 
jarjvas D3 1 DF: • Therefore whea thel^ines of 
Etitedion AK^ AC^re parallel, aad to theFer* 
pendiculars DGy OF coiocide witti DB, DC ; 
tlien the Pbvwr* wiH be rectpfocaBy as thofe 
Lines ^, ^mt^t^y'reclprOcaHy as the Diftanccs 
of the Points of Application from the Fulci- 
naent D. 



I 



Fig- 17. 
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V. If inftead»Qfeith€roftlie former^ .we Iwd*^he 
iofii^.rv'd V^ai^ ©OG iFiG. Wll} pvo^kd, 
in which the Fulciment is at the Poijot D,* and 
the Powers applied at B and G (afting with the 
.lXi;€ctiaa$ BI> CF) ftffiaiB tme iinotftcrv^fe 
/property of this Mucbine will be ftijmd ai e^ 

, ftom the fttfie jimc4l ftV^PJ^ ' Por produ- 

cing 



Ti 



<. 



^ 



[7^1 
. r oiteSaoit till. 4H^ 'mKfeQc 

Cutis' ^ ^^ PPrpendiculars \^^ DF, opou 
tbr Lia«s ^'^ ilircaioq, 'twill be prov'd, that 
Afi Powfirs 9re as thoie Ferpendicalars reajpro* 
(^lly: Coa&qiitatly whea thoUnes of Oire^- 
Qj) are pvraUel, the Powers will be reciprocally, 
^ t^e Difbiaces of the PoiatSQf.Applicattoa 
ficomtbe Fulcimeat O, taken in a line para&dl 
to the Horizon. 



Fig. 18. 




P R O B. IV, 

V. 

/■ 

Tho Ftmers d^i^g mth given DireBkms 
fufi^nwg one dmther afon uTrochUa^ it 
.' is required h find the Profartion of thoje 
' Peters. -'.'•• 

SUppofe tlie Trodilea (F/&. XVIU.) firmfr 
fixVt bjt'itsjCoitcr E to Ibtnc fiody that fbp- 
|)Ortstt, nithMit any MotiOB; Afidlet the Ponvn 

at 
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at F and C,wBofe DiredioBs arc FI>, GB, ftftahi 
cine another upon it. Produce the Lines of Pi^ 
redtibn till tbey meet in A,and compleat thePa^ 
railelogram ADEB,and let fall the Perpendicularit 
EG; EH to the Lines of Diredfon, which being 
Tangents at H and G^ thde Pcfrpendiculars wiif 
be kadijy from the Nature of the Circle. Thctet 
fore now (by C<nr. II. cfTheor. IH.) Power at Ci 
to Power at F : : as Sine Angle AEB i to Sine 
Angle BAE ; that is^as AB : EB, that is, as ED ': 
BE Bot (he Triangles EGB, EHO are ftniilar 
(for the Angles at G and H are Right ones; and 
EBG = EDH, becaufe of the ParaUelografli) 
therefore ED : £B :: HE: GE^ and confe- 
qaently Powtr C=PowW t. Q.: E : I. 

\ Cor. 

m 

\ 

If the Lines ^f Dirediion were parallel, the 
Law would be theiame, as alfo in this latter 
C^fc^ if a Weight were fubHttujted in the room 
<^ either <^ the fy>wf rs. 

S C H O L. 

Becaule the Tangent AH, AG,are equal from 
the Nature of the Qrcle^thercfore Angle HAE=: 
GAE } and ib 'tis prefently to be concluded that 
fower C is 2: Power F. But to ufe the per- 
peu^cularsiVom the Center to the Lines of Di« 

redion 



r«Qk» if not nplj; equalljf <^5ta^ demon%jtj 
tive, bBf; a^fo^fl^thod.vaftfy^lftprc geae^aii 

prcl^is qt^o^rideration, ^ to theCs^'e of 
parallel as well as. cpovergingXiiws of pircflji}. 
on. loftaoce^ pC this were ^ye^ la the Ve^ 
Ubrsj aa4 kxi^.ia Paritxoehi^^^ TJj© Trochkf 
it .fdf i? no o-il^r thaa a y^edis.' , Ab4 tjue C^ 
)ult aow coQJidei'd, is of* other l^mx that cf, a 
Veais of the firft kind, in wjjicfe tl« Ful^- 
ment is eqtialJy. difiant. frora-ie^cli Point' ;ef 
SnfpenlSiw.. .: . . . ., .' V'.. J,' 
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Tw Powers a^fm ^fth gvom DmHims^ 
fuftuning a Weigh hy a Trochlea ; V/V re- 
quir*d4off$d thrPfof}»rtion of either (jfthcfe 
Vmers U.th Weight. '• 

LET the Pow€fs(f/<7, XIX.) at A and B (oi^ 
t the Pow^rat A;afld fomcObftacle well fix- 
ed at B) fuftai* tl^^Pondta by fhe Rope AEDB. 
The Line of Diredioftof the Pondus CF pafles 
thro' C, the Center of the Trochlea j and thofc 
of the Powers,|^hich ape ^fijafld DB bdng 
produced^concur in F. Then by CwrAl.ThiorWl. 
PS^er ' A ; ta |l#.j||)^.«d .W(¥!«hftivA n Sinp 
4ggle GfPv ,5me.^ngle BfP^.; ^Ht AE ^nd 
ep b(?iag t9fi^en]t^5. '.?^i!^.^^4J \?^,proy'd, 

that the Angles El^Caiid 6fC hrq ecjiiafc * So 
that the Power is to the Weight,' as the^inc 

'. ■>■ ■ " , ,» • ' ♦ . 

^- ^ . ;^ ^•'v,'...3jc:;j.-:- -n 

' '^ch'tiie Oh^df DireafoiliF^t:^; are p»i 
raHel^' thei^FC £Cn^(iD, thePfeijrerfdienlars tb 
them, will j-je ifiioiie- RighrLhie.'" 'And this 
V^ill be rcd'uctbk t<§- a" Vt^fs of tht "^oond Sort, 
'Wlicrfe rfne Powder 'is applied bfelvf<i«fa 'tlfc Firici^- 
mcnt and the other Power. •Cbrifeqoentljr tl*e 

Power 



Power at A will be to the Wet|ht, as the £<» 
^JMNT to tike Diinneter i tbatis, as i : 2, 
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\ fidningd fVe^h^ Qpithout a Trochtea)^fh 
refiir^d tofifd what PhfortioH they bear f^ 

me Mother. 

tET the Bowers (HK7. XXi>at't aod K>lko» 
Dtreftioitt are KD, ai^ ID, foftaia <lie ?«^ 
lAwb. Fiodnce tiie liaes of DiredlioD till thef 
meet iathe Center D. Gompkat the Parallelo* 
gram AEDC Then by G»r.II. ThmMl. the Pftw- 
jU at K, is to the Power at 1 : : a? Sue AAgle 
GAD : Sine EDA : : AC : CD, or AE- 9^ wbicli 
is^aUoae, they are as AI : AK-, theUBtsAI^ 
aod AI bring Perpeadicdat s from A to the 
Liaesofpireaioii. . . . - ^ _ ; 

. C O K. 
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Cor* 

From hence one may eafily compute the Pow« 
crs of thefe Rhombs, which the famM BoreUi 
confiderS) in order to the Eftlmatioa of the 
Forces of the M ufcles ; and that, whether fingle 
or comblnM together in Chains, according to 
all the Varieties mention'd in feveral PropoII- 
tions in his excellent Book, I>e Motn Animof 
Hum, For the Proportion of thePov^ers not on- 
ly to one onothsr, but alfo to the Gravity 
©f the Weight, is eafily deduced from that 
Third General Theorem that has been fo often 
quoted already upon thefe Occaiions. 

As for the Powers of the Wedge add the 
Screw, tho' they are not fo immediately and 
dircdly explaipM, from the general Principle ' 
of the Compofition of Forces, as thofe others 
that we have. confider*d j yet they are included 
in it, being to be reduced to fome one Head or 
other that is immediately demonftr^ted from 
tlience. Thus fome People have referred both 
thefe Faculties to that of the enplin'd Plan?3 
while others (whatever they do withtjie Screw) 
have reduced the Wedge tp a double Vcdiis. 
But I am (atisfied I cai^'t do better in this lAat;^ 
ter, than to give Mr. pimtons own Acgpunt of 
them, and refer the Explicatioa of the Wedge 
\q tha^ of th? Body preffing ujpoit Two en^lin'd 
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Planes making an Aogle with one another, and 

make the Screw no other than a Wedge im- 

pell'd by a VeStk. The celebrated Dr. H^al/is 

dcdaces the Properties of theft (as of the reft) 

from his general Prop, which is Prep. 5, chaf. 2. 

of his Trad, De Merit. But from which foevcr 

of thefe Principles a Man won'd explain the 

Powers of thefe Machines, he will come t© the 

fameCohclofions ; viz.. FortheWedgCj that 

when the impelling Force is to the Refiftanee of 

the Obftacle, as the Thicknefs of the Wedge, 

to theHeightof the fame: And for the Screw j 

that when the Force that turns the Screw is to 

the Refiftanee of the Ohltacie, as the Inter?al 

of the Two immediately fucceeding Turnings 

of the Spiral, to the Circumference dcfcribed 

by the Power in one Converfion of the Screw : 

I fay, thatwljenit isfo, the Powers (in thefe 

Machines; will be equivalent to the Reiiftances 

of the Obftaclfls, or (ifonemay fo exprefs it) 

there will be an EquiUbriMm of Forces and Re- 

Jiftances. Or, as our Great Authour cxprefles 

it. when the Force by which the Wedge urges 

two Sides of the cleft Bodies is to the Force 

he Mallet upon the Wedjge, as the Progrcfs 

he Wedge according to the Determination 

:he Force imprefs'd upon it, to the Velocity 

h which the Parts of the Body give way to 

Wedge in Lines perpendicular ta the Sides 

he Wedge; or when the Force of the Screw 

to 
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[s the Body, is to the Force of the Hand 
that tnrns it round , as the circular Velocity of 
the Handle, to the progreffive Velocity of the 
Screw towards the comprefs'd Body j. then 
there will be an Equilibrium^ ox the contra- 
ry Forces and Refiftanfes will fuftain one ano- 
ther. 

But liiis holds true in all Machines whatfo- 
ever, that any Agent and Patient, Force and 
Refiftance, or contrary Force aijid force, are 
then equivalent to, and will fuftain one ano-^ 
ther, when they are reciprocally as their re» 
(pcdive Velocities, eftimated according tp tht 
proper Directions and Determinations of thole 
Forces. For the Adion of any Agent being 
eftimated by its Force and Velocity conjundly, 
aiid the Re-a^iojj of the Patient or refifting 
Body, eftimated alfo by the Velocities and th? 
Forces of Refiftance in the feveral Parts (arifing 
from their mutual Attrition, Cohapfion, Weight 
or Acceleration) then Aftion and Rc-a:lion 
Jhall be equal to one another throughout all the 

Machines imaginable ; or, in other VVords^ 
there will be aa £qnilibriHm. The whole Bufi- 

Ijefs of Mechanicks may therefore be bf ough^ 
intoa very narrow Compafs, and the Powers of 
all Inftruraents whatfocver are included in this 
one general Analogy that follows. Let f. r. tn- 
prefs any Powers; moving Forces, or Force.sand 
liefiftances \ let the Velocity of jp. be e;jprefs'4 
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by w, and that of t. by n. Then \{f\r\xn\m% 
the contrary Forces will fuftain one another^ 
becaule (upon this Suppofition) j^m = r^n. 

Therefore if pxiw > rxn \ that is, if -^ >-^i 

then the Force f. ihall overcome the Force or 
Refiftancc r. Hence in any Machine the Pro- 
blem may be folved. To move> 4 given Weight 

(or to overcome a given Rejifiance) with a given 
Force. 

And this one Application alone were fuC- 
ficient to Ihew, how true and certain^ how ge- 
neral and extcnfive that Third Law of Motion 
is, which tells us, that Re-a^ion is ever eq^ual 
to Adion, &c. But this is but one Inftance of 
the life of it neither^ there are federal others 
bcfides of no lefs Confequence and Importance 
than this, which the Great Author himfelf 
has conlider'd, and his, and fcveral other Ex- 
amples relating to thofe Matters, have been 
very well and largely explained by Mr. Keil-^ 
upon which Account I (hall fay the lefs to 
them. The iame ingenious Perfon lafl: m^^^ 
tion'd has alfo in a late Book (his IntrodnUion 
to the true Phyfich) made ufe of the Second Law 
of Motion as a Principle to eftablifh fon^e im* 
portant Theorems upon, relating to Accelc^ 
rated Motion j and the fame Law will be of a$ 
great life in demonftrating all the common 
Theorems about equable Motions. But we arc 

now to proceed with the CmUariesoitho^tLatps. 

Second 
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SecW Corollary io the Laws 

of Motioui 

« 

The Quantity of Motiony whkh arifii by ta^ 

king the Sum of the Motion towards the 

fame Part^ or the Difference of thoje made 

towards contrary Parts^ is not changed iy 

the Action of bodies one ufon another. 

T^H AT is, if Two Bodies (moving either 
towards the fame or cbatrary Parts) 
ftrikc each other, the Sum of the Motions 
mdde towards the ftmeP^rt, and the Difference 
of thqfe mdde towards contrary Parts, will be 
the fame after the Stroke that they were be- 
fore. Let B, ^ be Two Bodies, V= the Velo- 
city of B, and v = the Velocity of b^ S= the 
Sum of the Motions (made towatds the fame 
.part) D= the Difference of the Motions made 
towards contrary Parts. 'Tis plain, before 
thefe Bodies Ilrike one another, that the Sum 
of the Motions towards the fanie Partes, is— 
l&^yj-^bxvy (from that common Principle that 
the MomentHm or Qiiantity of Motion of any Bp* 
4yis=to the Parallelogram under the Qpantity 
of Matter it contains and its Velocity) and the 
E)i8eicilce of the Motions towards contrary 
Parts=Dis=li^V-^><'y. Suppofe now the bo- 

G 3 dies 
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dies B attd b to ftrikc one another, and let the 
A&ioa of B upon h be put = i», the Re-adion 
of fc upon B-»,then after the Collifion the Moti- 
on of B=^Bx V-jiTiy and the Motion of b=bKv:^m^ 
and confequently the Sum or DiiFerence (=S or 
D) is = B^^v5^ jr bK'o^^j in which ExpreC- 
fionthe Quantities i» and n mult be affeSied 
with different Sigiis -9 that is, if »ibe pofitiye, 
n will be negative, and if n be politive, m will 
be negative, becaufe theDiredionsoftheAfti- 
on and Re-adion are contrary. But (by the 
Third Lux^of Mmon) Adion i$ ever equal to 
Re-^dion-, tteU: i% the Quantity iw=z -^, or 
n=L-^m. Confequently, fubftituting — ;? in the 
•room of 7», and --m in the room of n^ they 
will deftroy one another, and there will t^ 
main .B^V'i't^«';=S, and M>^V— wix-y^D, the 
fsm? Values as before. So that the Sum or JDi^- 
f erence of the Motions is the lame after the 
Coflifion that it was before. 

From hence the Laws of the Collifion and 
Motion of Bodies may be eafily and univerlal- 
ly computed. 

Hrjf, In perfedly hard Bodies ; in order to 
which it's ncceflary that we premife this 
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Jf ''4 hard Badfjfirikes direSffy upon another ^ 

he quie/centj irr moves morf Jtqwlj towards 
the fame Quarter^ or^ Lafily^ towards the 
wnirary Part (mth ,a Ufs M<ftiw) ^ter 
the Stroke thej^all both move v^k the fame 
Decree of Velocity. 

LET the Body B ftrike direftly tipcm h. ThcQ 
(by the Second Lav> of MetUny^hody 
ifliall move according to the Citeftion of the 
Force iniprQfs'd jij)dn it by the Jody jB j jthc 
iskSoxfa and Ibftuence of all cirxaq^jacefit^Bodios 
being fuppofcd to be removed, fiut i xanoot 
move flojiver than B^ jbecaufe of B following it j 
aor can it ^raoveiafter^ fipee^hy the -Hy|)otihc- 
^%) we relBOiire all :o«her ^^aufes of its Aki^iOQ) 
belides tjie iaipelling Body B. Thewfforevthe 
Eibdies B and b fhall move both with the fame 
iVclocity after tteirCoUifion. 
. From hence therefore tafiad true ^be Value of 
r^^tlcpmmon Velocity, with which the Body 
(ih^ll, move after the^Stroke : Xet .this common 

yelocitybeppt=;^. Then S=:^fi>^V~l-*xv, and 
^D^iifix V -^kiv^ before the Stroke j and alfo (by 

Cor. It. to the ±aws of Motion) the Values of S 
^ wd D continue the fame before and after the 

G 4 Stroke. 
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Stroke. Bot after the Stroke S=Bxx>i4x«, and 
D=Bx;t-*xx. Therefore ?^i^^p' = *, the 
coBimon Velocity for the Sam of the Motions 

TjyTy I- Al/in 

made towatds the iame Part; and p-^-i. =^ 

the common Velocity for the Difference of the 
Motions made towards contrary Parts. 
Hence if the Body b were quiefcent, then 

^y=i>, andfo ^ = |^t thatis, V:^ ::B+*: 

Bi the Velocity before the Stro ke is to that af- 
tet it, as the Sum of the Two Bodies to the 
moving Body. Therefore if B=^, then V : x, : : 
2:1; that is, if the Bodies are equal, the Ve- 
locity after the Stroke will be half the Velocity 
of the Body, that was fuppofed in Mc«ion, 
« before the Stroke. 

. If ^ and V be both of fome real Value, and 
alfa if B=*j then (for the Cafe of the Sun» 
of Motions towards the fame Part) we htve 

BV-^-Bv V+v / , 

^B =S or &= — ^j that IS, the Veloci- 
ty after the Stroke is i the Sum of the Veloci- 
\ ties before the Stroke. For the Cafe of the 

Di^erenceof Motions toward* contrary F^rts, 

B V— Bv V— • 

we have — j-g— = s or ^ = -'^— ^, in which 
i . 

Cafe the Velocity after the Stroke is i the Dif- 

,^fercnce of the Velocities before it. 
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feiit iiniv?rfally, let the the Bodies be in any 
Ratio whatlbever^ the Value of z. will be dctcr- 

min'd. Sappofe B: b n f: q. then b =--2-, 

which VAxxt fabflitntedin tfie Equation above^ 
will give the Value of x in this general 
Suppofition. For then we ffiall find x = 

^?^^J^ (for the Cafe of the Sum of Moti- 

ons towards the feme Part) and Jt= ^^^Ti^^ 

(for the Ca(e of* the Differences of Motions to- 
wards contrary Parts.) And if we fuppofe * 
quicfcent (as before) and confequently v = ^, 

thw z. = - ^ -g, and V ; «. : if'+'q : p. 

In the Cafe of the Difference of Motions to- 
wards contrary parts, if we put^=a; that is, 
if the Bodies, after their mutual Collifion, 
have no Velocity at all, or the contrary Moti- 

ons have deftroy'd one another, then ^^gij^'' 

zzOy and pxVrr^xv, or (becaufe of/>: ^ :: B: ^) 
B>< V.-fc^'z^ , that is^BibiiviV. So that the 
Bodies being reciprocally as their Velocities 
(which makes the contrary Momenta eqoal) 
after the Stroke they will lofe all their Mo- 
tion. 

And having thus deitermin'd what the Velo- 
city muft be after the Collifion of any hard Bo- 
dies, there will be no Difficulty in finding tlie 
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Afymma^ or Qjiantities of MotiSD in each of 
the ItrUdflg Bodies^ sftcr they have thus ftruck 
one another j for there is no more to be done^ 
but to multiply the common Velocity into the 
Magnitude of each Body. 

And from hence we may ealily determine the 

Magnitudes of the Strokes made by the CoUi-^ 

iion of one hard Body with another, and fo ar* 

rive at thole Theorems which the celebrated 

Dr^lK^rfii has given us relating to thisMatter, 

in the Cfe4|p. of Percuffion, -which is the nth 

of his admirable Trad, De Motu. For (accord- 

ingto the Accounts of that excellent Perfon) 

the Magnitude of any Stroke is equivalent to 

twice the MommtHm^ loft from the ftronger of 

th^ Two Bodies that make the Shock (that is, 

fup£pfing one to have more Force than the o- 

thcr.) But by the Rules above delivered we can 

lind univerfally what the Motntntmn of any hard 

Body is after it has ftruck another, and the A6- 

mentwn before the Stroke being known likewifej 

'tis plain, that we can find the Difference be- 
tween the latter and the former of thefc iJ/^- 

nunta \ and twice that Difference is dptermin'd 
{Jfrof. 5. of the foremention'd Chaf^ to be 
equivalent to the ^Magnitude of the Stroke* 
For the Doftor brings into the Account of t^e 
Strpke, not only what the ftrikingBodyMes 
but alfo what the Body that is ftruck receives : 
Potbtbefe (he fays) arc the EiFeds of .the Stroke, 

and 
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^d confequeotly the Magmtude of it is to be 
eftimatcd from both togethen 

Here therefore I will from thisPriijdide de- 
duce Two of bis moft general The^mns^ from 
whence the Reader may very eafily draw the 
reft himfelf. 

Uilng the Symbols as before. \ lee ftjie $odi^ 
B. h. whether eqn^l or aaeqip^, flM^Vft with an; 
Velocities towards the lame Pants ^^ Jet tbo 
Body b. go befiM'e, and the ^odff Rjcomri after 
with a Velocity V. greater *haa tr. the Velocity 
of the former. The common VeLodty after 

the Stroke {viz.. ^ = ^^Sx V th^^efore tjie 

"RRV— h*'Ri© 

Mommtm of B after the Stroke,is= -girj — . 

but its Momentum before the Stroke was= BV, 
therefore the Bo4y 9inb4s loft tbe MomentHm 

W^^^^^. . B« tte nod, « 

has acquired jpftas much \ for. ks^Mcmemum 
before the Stroke was=k/,and afterwiirds 'tisz^ 

pffT""' therefore it has^tten tjie;j^«>/?f i7/«ii 

»?^V-^^ is= the Magnitttdeitf^he'Strolje. 

:BotHis evident, that iB^_*H'Uv7.%r ? : 

1 ^ : BH-i* i diat is, l^e Magaitudfix^f -.tbcScra^, 
is to the JMementHftt of the following Body (B) 

• •■• ' car- 
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carried with the Difference of the Velocities 
as twice the antecedent Body (b) to the Aggre-* 
gate of both the Bodies. ^ 
In like manner, if the Bodies movM towards 

contrary Pdrts^it wiU be found,that ^2£^^. 

BV-t-Btf t : i * : B-f^i that is, the Magnitude of 
theStrokCi wonMbc to the Mtmenmn of either 
of th^ Bodies (JEx^gr. B) carried with the Smn 
ef the Velocities^ as twice the other Body 
(vix..*) to the Aggregate ofboth the Bodies. 

And from thefe Two Theorems one may de-^ 
dace any of the reft, according to the Nature 
of the Sappoiition made. 

C o iu L 

Joining the Refult of both thefe Analei- 
gics together, it follows, that ^^\^^i 

^5^^^:: BV-BvcBV+Bz;:: V-.^: 

V-H/; that is, the Magnitude of the Stroke 
in the Cafe of Motions made towards the feme 
Parts, is to the Magnitude of the Stroke in the 
Cafe of Motions towards contrary Parts, as the 
Difference of the Velocities in the former Sfi|)- 
poiition, to the Sum of the Velocitiy in the 
latter •, that is, as the relative Velocities of 
t^e Bodies in both Cafes after the Colliiioiu 

Cor. 
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In either Cafe conlider'd apart by it fclf, 'tis 
plain, that whatever the Velocities arc in them- 
fekes, yet if the Difference, or the Sum of them 
continues (till the fame, the Magnitude of the 
Stroke (hall ftill be the fame alfo. 

And therefore it follows, that the Magm- 
tnde of the Stroke is ever proportional to the 
Difference or the Sum of the Velocities 5 that 
is, to the relative Velocity of the Bodies, by 
which they come towards one another. 

From the Lam of Motion in pcrfe&ly terd 
Bodies, we come to conlider. 



>. • 



2. In perfedly Elaftick Bodies j and here tis 
neceflary to premife thi» 

L £ M M A, 

That if Tm Bodies ferfeBlj EUjlick ftrike 
one another J their relative Velocity conti^ 
nues the fame after the Stroke^ that it was 
before. 

FO R the Nature of a Body perfeSly Elaftick 
_^ is to reftore it fclf with a Force equal to 
that by which it was comprefs'd. But (in the 
Hypothefis of the prefent Lemma) the Com- 
preflive Force is no other than the Forceof the 

Stroke, 
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Stroke, by which oae of the Elaftick Bodies 
fhocks the otben 

Now ttie Magnitode of the Stroke (by the 
Second Car. foregoing) arifesfrom the relative 
Velocity of the Bodies, and is proportional to 
it. Coafequently the corapreffivc Force is pro- 
portional to that Velocity. But the reftitutive 
force beiag equal to the comprelfive, ading up- 
on the iame Bodies, Ihall produce a relative 
Velocity that bears the feme Proportion to it^ 
that the relative Velocity before the Stroke 
bore to the comprelfive Force ^therefore it fhall 
produce a relative Velocity equal to the former. 
And therefore tt^e Body's after Collifion ihall de^ 
part from each other with the fame Velocity 
^hat they came towards one another with b^*^ 
fore, di E : D. 

From hence now to determine the Velocities 
of Elaftick Bodies after the Stroke. 

All the other Symbols ftanding as before, let 
the Velocity of the Body B after the Collifion 
be put =2.. When the Bodies B. h. move tOr 
wards the fame Parts, then their relative Velo? 
city is =V— ^ \ and when towards contrary 
Parts, 'tis = V-hi/. Therefore (by the forego- 
ing Lemma) in the former Cafe, the Velocity 
of the Body h, after theStrokf Ihall ^zj-^V—v \ 
and in the latter Cafe it fhall = V-^-v^z.. But 
(by CorAV to the LatPi of Motion) the Sqms of 
the Motions towards the fame Parts, or the Difr 

ferences 
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fercnccs towards contrary Parts are equal, 
both before and after the Stroke. Therefore 
^V-^hv =: hzr^bTL-^bV—bv^ in one Cafe, and 
^yf^-^zzBzrYbV-ybv-^-bz,^ in the other. 

Therefeee z. = — -^r"i > ifl one CafC| 

and ^= Ib'I T" ^ > ^^ '*^^ ^^^^^* ^°^ P"*" 
ting the Velocity of the Body b after the Stroke 
:^y i we have y ip.zs^V-v) = ^"^^^"- t 

in oneCafei ahd>. (=;t+V-l-t;)= ^l^^^p*?', 

in the other Cafe. So that we have thefe 2 gefie- 
ral Analogies, viz.. z.iy\\ hV -)r zbv—bM i 
2 EV-\bv^Bv^ when the Bodies B. and b. move 
towards the fame Parts j and zzy:: BV—zbv 
--hV : 2 BV-fBt/-4'z/, when the Motions are 
made towards contrary Parts. And thefe Va- 
lues of z. and y do giye us Dr. Wallis% pth and 
10th Props. Chap. 1 s. Mechan. 

And fror^. thefe general Expreffions thus 
found, all the particular Laws are eaCIy de- 
termined. 

Ex. gr. Suppofe the Body b werequiefcentj 

then v=tf, and confequently )^= ]D"rrr j ^^ 

^fcirj : V" : : B-^ : B-h^ j that is, the Veld- 
city of the moving Body B, after t he Stroke, is 
to the Velocity it Jia4 before, as the Difference 

of 
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of the Two Bodies to the Sum of them. Agaio^ 
(ufing the fame Suppofition)>= | r^-^ ^^^|-'pj- 

V : : 2 B : B-ffc j that is, the Velocity of the 
quiefcent Body b after the Stroke is to the Ve- 
locity of the ftriking Body, B before the Stroke, 
as twic? the ftrikiag Body,- to the Sum of both 
Bodies. If B=t, then b^ fuppofed quiefcent as 
before, z. will = (^ 5 that is, the Body B after 
the Stroke will lofe all its Motion. And all this 
t>v.WsdUi ibfi^m. Prop. 8. Chap. 13. concerning 
Elaftick Force and Reflexion. 
Suppofe B=:J^, and that theBodies movM to? 

wards contrary Parts. Then z, = ^ ^p ^^^ 
y=''^^T:^ * butbecaufe B=*, therefore ^^^rS 

_--a3v. g^ ^ym after the Stroke, the Bo- 

^ B'V* 

dies Ihall mutually interchange their Velocities^ 

the Body B moving with the Velocity of b be- 
fore the Stroke, and the Body 1^ with the Velo- 
city of B before the Stroke. And that they fhall 
move towards contrary Parts is manifeftly c- 
nough fignified by the DifFerence of the Signs, 
for it is+V, and —v. And this is Prep. 7. of 
the foremention'd Ch^p. 

Suppofe again B = t, and that they mov'd 
towards the fame Parts, the Body b going be- 
fore with a Velocity =• Vy and the Body B co- 
ming 
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toittg after with a greater Velocity, tiii. V. 

^cr the Stroke^ the Bodies ftal] more wJth the 
Velocities they had before the Stroke, alter- 
Hately takcn^asit was in the Cafe foregoing, on- 
ly with this Difference, that there they inov^dr 
towards contrary Parts, and here towards the 
fame Parts, as is plain from the Identity of the 
of the Signs. And this is Pr0f. 6. 

li B=^, but the Body b be fnppos'd quitfcent j 
then ^=tf, (for in this Cafe v=;^, and bv^o^ and 
becaufe <^=B, then BV— W—a, and fo the whole 

Valncofx=:Obutv= |^r=^=V. So that 

afier the Stroke the Body B at firft in Motion 
Ihall quiefce, and the Body b at firft quiefcent 
fliall move, with a Velocity = V, the Velocity 
of B before the Stroke. And this is Prof. 5 . 

If B were =ii, and alfo V=iv,andthe Bodies 
roovM towards contrary Parts, then 'tisplain^ 
that Z.ZZ --V, and)' ::zr\'v j that is, the Velocity 
of each Body after the Stroke is the very fame it 
had4>efore, or they arereflefted each with thofe 
Velocities with which they meet together. 
Here aKb the Difference of the Signs difcovers, 
^t the refleded Motions are made towards 
contrary Parts ^ and the Nature of an Elaftick 
Body (which ever reftores it fclf in the fame 
Direction according to which it was compreft) 

H as 



as, plainly l]bews, that the Bodies wiU move 
in tbc very fanap kight Lines a|c^ the Stroke^ 
fliat they di4 b^ore- j , 

^ • Amn^ if Qcitiiff JB;r<», nor Vssv, yet if the 
the tto^^ be. re(:ipc«c^y ts their rVeibcitia } 
ti^t Js> if 6 : t'ry.v.vy y in this. Cafe alfo- af- 
t^]^^ Stroke ^ylbfUl^ove towards cotitnir; 

fiarts:vvith the.&ni^.Ve^opitiea«htyi»d before* 
JcWfiace (by the^Siippofiiiioa) 6xV;?:^ir^ there- 
fore (the Motions being made^. towarils con* 

trary P^rts) iJhair^: "^^^=^^ and> /batt- 



^•^ij; thcrefori^ tKe Bodies fbaU nkM^e witli 
the fame Veloaties relpedively towards coil* 
ttary Parts after their CoJlifion, y^c^ tl«si9 
Prai. 3. of the ft>rementionM Ch^. 

Hiving nd\v confider'd thefe j^rticular Laws 
6jF]l Motion, I proceed to 
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Third Co r o 1. 1 a r y ta the generMl 
^ Laws of Motion or Nature. 

The cofnTfim Center cf Gravity .alters not its 
t ' State 'of Motion or Re ft' by 'ihe^ Actions of 

., JB(7^i> J . iipo^ one another ; and , therefore 
(fettingjfidf^^ll. merp4l^^ms ^M'^ 
fediments) the cpmmm Center of Gravity 
of all Bodies a0ing mutually upon one mo* 
ther^ eit%c\s at T?^eP,yi OT, ij fnov^dtuii- 
formlj in a ReSfilineal Path. 

7 / * • ^ . • * » • 

H E cQmnioii Center pf Gravity of. JT.wo 

Bodies, is ttie Cent^ or fix'd ?oint. or an 

' imaginary Li^ra^ about wfeich , the Bodies ar,ei n 

^Eqailimo. ,Tois Ifibra is.a'Lin^cwceiv'q |o 

, pafs tbro' the Center of Oriyity of each Body 

or to be continued from one B<kly*s CentgrYpf 

' Gravity to that of the other. Then the FWo- 

.TOBiit or fix'id Pomt (found by taking theUi- 

.iftaBPfs of the Centers of Gravity pf the Bb- 

Avs:^ from^ that Point, rcciproc^ly'proportio- 

.aa\ to the -|^a|nitudesj of the i^odies ' them- 

fely€5),jsVwha^\'.we.call the common Center 

of Gravity q/ the 'two Bodies. ' So .likewise 

we may make an Ejftimate of the coranlpn 

^Cejtfcr of Gravity "of any I^qmberbr Syftem 

.0^ Bodies,, accor4iiig to this Priaople. , - 
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The Dcmonftration of this Ccrott. wiO be 
clear^ upon tb6 making out of theib Two Pro* 
portions. 

« 

I . That Bodies moring nniformlyvGither to- 

. wards the fame, or towards contrary Parts • 

before they meet and ftrike one another, their 

common Center of Gravity will eithet quiefcc^ 

or move tiniformly in a Right Lroe. 

Fi^.2i- 

Let the Bodies (FIG. XXI.) be A. B. their 
common Center of Gravity CL the pittances 
of their Center of Gravity from that Point, 
AC and CB relpeftively. And let the fmaiU 
l^etters denote different Places of the fame 
Bodies, and of their common Center of Gra* 

vity. 

From the Nature of the common Center of 
Gravity, *tis plain that A : B : : BC : AC, from 
whence A>cAC=BxBC. Now if the Bodies 
hiav'd into the Places d. g. or e.f and it were 
fothat A:B:t^C: ^C,orA: B::/C: eC\ 
then the Motions with refped to the fame Point 
C, wou'dftill be equal, becaufe A><rfC=B><f C, 
or A^r C=Bx/C) and the common Center of 
Gravity C wou'd quiefce. So that in equal 
Motions towards contrary Parts, whether the 

Bo- 
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Bodies go from, or come towards one another, 
the common Center of Gravity Js iWl at reft, 

But if the Motions were fo adjufted to ea^b 
other, that A: B >gC:dCy Qr A : B >/C: 
^Qthatis, A^^C> B^^Qor,Ax<g > Bx/Ci 
then feme Point as k bet weofl eovd and C, may 
be taken fo, ^hat A>^/ik may =^B><£k 5 and. thca 
'tis plain, that the Point k 1% the common Center^ 
of Gravity. Therefore ia this Cafe, the com- 
mon Center of Gravity has n^ov'd from the 
Point C to the Point k. So li^ewifc it might bQ 
ihown, that if A^^C < Bx^Q or Ax ^ G <Bx/C, 
then the common Center of Gravity wou*d be. 
in fome Point as h between ^ or/ and C, and fo 
to have mov'd the Space C b. So that 'tis molt 
clear,that in unequal Motions towards contrary 
Parts, the common Center pf Gravity moves in 
the feme Right Line together wit!) the Bodies 
themfelve§. Again, if thp Bodies move towards 
thefemfe Parts with any Mot|oas whatfoevcr, it 
is maQifcIl:,that the common Cwtef of Gravity,, 
muft movealfo. Let the Bodies A and B whof? 
common Center of Gravity is C, move from thq 
the Places A aod B, into the Places e and j- -, f 
&y, the common Center of Gravity cannot bq 
now in the Point C. For if it were, then it 
wouM be A : B : : j^ C: #C, the Bodies beiag i|i 
eand^« Butitis A:B::BC: AC, th^Bod^ 
being in A and B, Therefore it wou'dbe^C: 

f C : ; BC: AC,that is^ C : BG : : « C : AG^whicl^ 

H 3 \% 
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is impoffible* Therefore the comiHpa Center 
of Gravity is not in C, but into lome l^oint as 6* 
taken fo,, t]6iat'it tn'ay be^fe : efj • :1bC • AC, or 
ghiBCi :y^*: aC. And that it muft neceiTarAy 
bt In Ibnie" l*oi6t,*^s /? iJetwecn C'and B, is too 
pi^n tb hel^ji 'ijny Proof. And lyrther, ^fis 
eViS'etrf enoughitfia't thp Motiirfn df th? common 
d6iterbfGf^vity^(v^ifeneycr ittiidves, in'afay 
of 'thefc Cafe'^) 'fsSjmforni, '6f th^t it defcriM, 
equal Spates;iili^qU^^^ For the Motion of 

th| $6difes*;is',^uilifbVni (by the Supp6fitipii) an<f 
t&d coihmo^^ Gfenter of Graii^ity divides the 
Diifence bietwcea' the podi^s ever in the fame 
Ratib\ therefore as the Spaces deftHbed by the. 
Bodies tbeAiftivesih^qual Times, mttbe equki/ 
foatib mlfthorc'defcrib^dbyttifecodjmonCen. 
tei* of Gravity. ' i 

"Hitherto we ha vie confitkr'dlihc Bodies crn- 
ly as inovirig in one aiid the fame Right" 
Line- But if' they move iti "diferent Right 
Lines (either paratlcl^or enclin'd to pne another) 
the Motion of the common Centejr'of Gr^vrity 
may Itill be fliewn to be perfolm'd in a Rig^ht 
Line, and to be tiniform i ' for the i:!)eilionfrf a- 
don of which I refer the Reader to Mr. Keif^ 
foremeiltion'd Book.So alfo' if the Bodies raoV^l 
in different Planes,^ and it \^elt eytf fo great a 
NVinTbcr of Bodies, the Motfon bf Whdfe comrtibn 






Center of Gravity was codl^dir'd^ 
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. i-Thc next Tljiog to be dcdr^d,is,That when 
Two Bodies move either towards the fame or 
towards contrary Part^^ the Stim or Diflfercncc 
of their Motions is the fame as if they wereboth 
Cflrrii?d with the Velocity of their common Cen* 
ter of Gravityi 

r ■ 

This Prof, may be eafily deraonftrated, .but 
I will at prefent give an Ihveftigation of it. 
And the doing it in one Cafe alone, when the 
Bodies move towards the fame Parts, will be 
Direflion enough to the induftrious Reader tp 
doitintheotherX:afehimfelf. In [JJG.X%\^ 
Let the Bodies A and B move from the Places 
A and B into the Places > ahd^, aiid their, com- 
mon Cetrtcr 6f Gravity fromC into h^ atfche 
-ftme timd Let AB=;*, kO^c. Ifhen BC=:^— c 

•Let Cfc=». A e^. Then hh^b^c-^n. and t Gt^ 

*. . . , . • 

r— if. and Vf^~^— ^/^-;T. 

W^cri the Bodies are' iii e ^hd /, the Value of 

£ h will be found ■ . . . . .t /.^-.^ ^ :' ^ '^' ' ' » ^rom 
the l:4at:iHre^of,the ootnnion Oedter of Gravity . 

'ThciTforc BiC=^^^-^^'^) '^ "t^f , fe«L$? 
Sum of the iilotions of the Bodies is =A^ A e-i- 

B^B^f , tJ»at 18, AKdi^ < -"'^v — ^^— ^. Aatt 

the Motion of both carried Vith" the Velocity of 
the common Center 'of*<3i^ity is= A>iQTi-i- 
5xC*,4hat is, A*««+B*»;Ana (faiMtipttfig b6th 
Psirts by c) we Ml find Axwr-hB^ff f=4^^c-|- 
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B^^.(r-rB^»>-Bx^* (bccauf? A>cc=Bxi-^xc^ 
from the Nature of the colnmon Center of Gra- 
vity, and confequcntly Ax» czib'^n fr-tBx*/ c^ and 
A^dc=^B>^db--B>^dc.) The Rcfult therefore is 
that the Motions are the fame, as if both Bodies 
ivere carried with the Velocity of the common 
Center of Gravity. Q,: E; L 

And now from both thefe Props, tjogetho: 
arifesa Demonftration of the Truth of this 
Third Cor. For (by the Second Cor. the Sum 
of the Motions towards thefamp Qjiartcr re- 
mains the fame, after the Bodies have ft ruck one 
another, that it was before. But it has been 
fhewn, that the Sum of the Motions either be- 
fore or after the Stroke is the fame as if the Bo- 
dies had been carried with the Velocity of the 
.common Center of Gravity. Fropi whence it 
may certainly be inferred, th^t the Velocity of 
the (ommon Center of Gravity, is the fame be- 
fore as after the ColUlioa of the Bodies. * But if- 
the common Center of Gravity hioves at all be- 
fore the Bodies meet and ftrike, it moves uni- 
formly in a right Line, therefore after the Bo- 
dies have met and ftruck, it will move uaiforii)- 
ly in a right Line alfo ; As on the other Hand, 
if it be at reft before the Stroke it will cafily 
be fhe wn to be at reft afterwards. Therefore 
the common Center of Gravity does not change 
its State of Re|fc or mitform Motion in aje&iU*- 
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aeal Direaiori by any Aaion of Bodies apoa one 
another. Q,:E:D. 

And thus mudi for the IQnftiration of the 
<hnll. Bat before I pafs to the next, (being now 
lipwithis Head) I'll add Two or Three iV«ff. 
relating to tiie Motion of the common Center 
of Gravity. 
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T H E O R. I. 

JfTtPQ Bodies equdl.M M^^m^de^ move ij». 
the Sides af a BArallelcgtMm withVeloMies 
frafortiond to tboje Sides rejfe&ruelf j^ 

. their common Center of Gravity fbS fiill be 
found in the Diagonal. 

LET the Bodies (F/^. XXII.) move in the 
Lines FA^ BA, horn the Points F amdB 
towards A: Vnwtk^ Diago«ials AE, BF, cut- 
ting each other in H^ < and any othei" Line as CD 
parallel to the Diagonal BF^ interfcaing the 
Diagonal AEin the Point a. When the Bodies 
-^ire in the Points B, F, 'tis plain, that their com- 
fion Centerof Gravity is in H 5 for the Bodies 

are 



(from tiie Elements of the comutuiXieoviff^fS^di 
|j4fce,s?ife,i^uft| the y/^oci^jf? p of deftmbing 
|^S}4es(^th<UPapillelG^vazf ^((r rapjpo^'d pirpr 
jpprt(oi^^pti)oife.Si^e$re{p^ thei^efons 

dies is in D, the other will be io C, Sot<^ : 
JXx: AB : AF *, confequeatly BC and OF will 
be difcrib'd i^itbe &me time. Therefore (fte- 
caofe C^:^^) the common <Ie^eer of Gravitjr 
will be in tjiie fokxt a^ th^fs^ ii, the piagooal. 
The fame day be fbew£ whertlbevtr the Bodies 
are. Therlfow^^*:. d^E: p. I 

-it 

T H E O V II. 

^ ^Af B^if J wih unequal in Magnituii \ the 
* Vtlmtmmtk iphiA they mwk beii^ u the 

.Sidei<f^ the ParstkieffmfydfftBivefy y the 
; F4r& if the ttmMm Ctinimr if. Grdvity 

fwhuhreiil not he ^ Dtegmd) i$ e^fily 

determiffd. 

LETthe Air/« (rf the Magaitode of ik^ 
Bodies ;bc: what it will »* thea fTotn A 
<F/<?.XXU.)4{;>^ the Use A^ftocttttbcOift- 
gon^ fin ia. 4^ Foist <; in rncl^ %}fieamVi tba£ 
•^ Segmnts JBc,«id pFmay be rfciprocally as 
.the MagnitttdMof the Bodies pMc'd in Band F. 
'Tis e?ident,that the commoa Cettter of Qravi* 

<y M ite(firibe the Path A tt jnrhile the fodt^ 
» thcni- 
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tbuo&lves dffcrib^ the Sides of the RiraHclo* . 
g^ao?, BAaadFA. For aqyLi«ea$; CD parallel^ 
tOcJPF^ is cut by thcUac A.fii^ that tbeScg.^ 
ineii^CiA ^D aire e^er ia thi^ fame^^ri^ cf 3f^i 
agdrp. Tbcrcfore, &c, Q,: £ : D. 
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T H E O R. III. 

If Two Circles touch one another internally^ ant 
one Body be at refi in the Fointcf Contact j 
while another moves in the Periphery of the 
outer Circle ; then if the Sum of the Two 
Bodies be to the moving Body^ as the Dia^ 
meter of the outer Circle^ to the Diameter of 
the ipnermofi, the common Center of Gra- 
vity jW/ defer ibe the Periphery of the in^ 
nermoJKlircle. 

LET (JFIG. XXIII.) the quiefcent Body be 
1 fix'd at Ajth© Point of Contad of the Two, 
Gfcles, ^od let the other move from B to D 



\ 



Dion 

in the outer and greater Circle. And let thefe 
lEbdies be called A and B relpedively. Then by 
tteHypothefis'tisA4-B:B:: AB: AC. There- 
fore (by Di vifion) A : B : : BC : AC^, coofeqaent- 
ly when the moviag Body is in B> the common 
Center of Gravity is in C But (from the Na- 
ture of the Qrcle) AB : AC : : At) : AE(becaufc 
the Angles at D and £ are right^and that at A 
is common)and to the Triangles Al^ and AEC 
arc Similar) allb 'tis BC ; AC :t DE : AE. But 
BC:AG::A:B, therefore D£:AE:: A: & 
Therefore when the moving Body is in D, the 
common Center o£ Gravity is in E the Peri-* 
phery of the inner Circle, and fo it will be al-^ 
ways found in the lame. Q^: E : D. 
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T H E O K. IV. 

If Three Circles touched Me another in the fame 
Point A, (Y I G. XXIII.) // might bejbewn^ 
thdi if the Bodjf A mcv^din the Perifherj 
; 'AFG,andtheBodjBinthePerifherjAbB, 
, Mnd thfi Sum of the Two Bodies were to the Bo- 
dy B^ ds the Difference of the Diameter of the 
outer and inner Circles^ to the Differ eifce 
(fthe Dianteters of the middle and inper 
Circles. Alfo if the Vthsities of the Bodi^ 
tpere to one another dirtStfy as thi Peripheries 
nfhich they defcribe ; 1 faj^ then, tnat the 
common Center of Gravity fball defcribe the 
Periphery df the middle Circle^ viz. AEO. 

FO R if the Velocities be as the Peripheries, 
they are alfo as any Two firailar Archds 
FG and DB cut off by aay right Line AFD 
driven at Pleafurer^, therefore in the fame Timt 
that one fiody-deicribes die Arch 6D^ the <v 
ther will defcribe the Arch FG v that is> wben 
one is ii^D, the other wiUfae inF in the fame 
right Line AFD. Alfo becaufe (by the Hypo- 
thecs) 'tis A-l-B : B ^ : BG : GC, by divifion 'tis 
A : B : : BC : GC. But (from the Nature of the 
Circle and the Similarity of the Triangles) 'tis 
BG : GC : : DE: EF, therefore A :B : : DE : EF. 

And 
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And therefore the common Center of Gravity is 
in the Point £ of the middle Qrcle. 

C- . • ■ ... 
O It. 
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, S^oce if the. Veiocilsies of the Body were re* 
ici^cally . prji^ttooal tf^t^ieir Ma^tudes, 
thra AB thi Diameter ol the outer Circle, vfon^d 
bedivided Harmomcally, in the Points, A,6, C, 
and b; and nee rerfi. If the' LirifeS^ BC, GC, 
AB, AG be in nitilfer ftropdrtioh, then tbcVe- 
locities of the Bodies are Tecipracally proper- 
tioaal to thd^rMagni^udft. ;L^.tt)eyeiIocity of 
Ae Body Bbfe put,?; V^ iuid t|»t of . tb* Body A 
lie put -v. ' Then\(by the Hypojtjiicfis; of the 
The^emy 'tis V : 'v : : AB : AC?,, for. the Veloci- 
tics which areas the Peripheries, are alfo as the 
Diameters. But (becaufe of the common Center 
4if;Gravity) -tis A --B : : BC : GC Thercforer if 
it be V :t^:s A ;B, (tb^ iiii .^ the MagnitiJI^s 
of the Bodies are teciprocaUy a&. t^eir V^Iqcit 
ties) then itfoltows^ that AB * AG : : BG ; GC, 
nod confeqadQt]^ AB^C=:AGHBCi which .is 
the Property: of iaLide cutin^ mbfical praportir 
<m. The Line AB thec^fore will be divided 
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T H E O »• V. 

I 

'Suf^^ d, 4s in Theor. 4. Ifty^ thit Ttvd 
Bodies moving uniformly in Circles^ the 
Swn of their Mxions is the fame^ as if 
hoth were carried with the Kelocity of the 
common Centfif of Gravity. 

WHilc the Bodies B and A (F/{7. XXIM.) 
Setting out /from the Points B and Gt 
^efcribe the Ardn^-^t) and GF ^ the comraoa 
Center of Gravity drfcribes the Arch CE, as 
tm been already demonftrated. The Sum of the 
Motions of bflltif th^tfftre; cAlrild each with • 
their own Velocities, i&=:B^BCH-AxJFGf; aai 
AeSom of the^Armioris, if.both weretarijed 
#ith the VdocFtf of the* common 'dept^r of 
Gi^wfy, woi»'dsttA'<ECH BvEG.- ika'W'l Tay, 
^«<;^ A^EC-t B'^<:a3^BD<<4-AifiFG.^¥bt Cfrom 
theNat»reof. tiibTa^»ifl«liQhrtor(Jf tStavity) 
%i A>iB i. ) BGaGG^ or'XtiecanfeB^si AB— AC, 

JFrom whence AxAC-A'<Aa:=9*^A8-rtB<<A<: i 
andAxAC-i-B><AC=BxAB-i-A^AG. But be- 
caufe the Arches DBjVfic; FG arefimilar, they 
are porpqrtional to fheir refpeaiye Diaiijct' 
Therefore AxEG -'I- Bx-EG ^BkpBH-Ax 
Q.:E:a ' . - 
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Iff 4 Body moves in the Curve oj a Conict 
Sedion, whilfi dnotber mmes in the Ak 
cf tbejsme^ and their Mi^»ns he adjafted 
fo^ th$t wbik om diferihis anj Portion of 
the Qurve^ the othir defiribes the correffon^ 
dent Abfiifsy their common Center tf 
Gravity Jh^ ahp^s dffcrihe one of the 
Conick Seftions- 

C A S E h 

SUppofc the Curve ABE CFJG. XXIV.) 
were a Qrcle, whofe Raditu is AG* Let 
one Body be ima^in'd to defcribe AB or AG in 

^ Ax» while the other defcribes AB or A£ in 

the 



the Qrcumferettcc ^ and ih the Radlm EG, kt 
fome Point as F be taken, dividing the Line 
EG, in the Ratio of the Magnitudes of the Bo- 
dies. I fay, that an Ellipfe, whofe TranlVerfc 
Ax is equal to the Diameter of the Circle, and 
whofe Semi -conjugate is equal to FG (that is, 
fuppoiing EGA a Right Angle) ihall be the Path 
ddcrib'd by the common Center of Gravity. 
For, conceive an Ellipfe palling thro' the Points 
A, F, H i and draw the Ordinate BC, c f, &cJ 
cutting an Ellipfe in D, 17, &c. Then (from 
the Nature of the Qrclc EG*J=AGxGH, and 
BC^=ACxCH* And from the Nature of the 
EUipfe,FG^ : DQi : : AGxGH ; AC^CH. From 
whence EG^ : FG*i: : BOi : DO ; and EG: FGf; 
tC : DC, and (by Divifion) EF : FG:: BD : 
PQ and lb the Curve of theE!Iip& will divide 
^11 th? OrdiJiates of the Circle in the fame 
ftanding lUii of EF to FG. Therefore if EF : 
FG : ; as the Body in G : to the Body in E, then 
their common Center of Gravity will be in F-^ 
aad when the Bodies are ia B and C, 'twill be 
inD; when they are incandr, 'twill bcin;^. 
Therefore the common Center of Gravity wiH 
defcribe the Carve of this Ellipfe. Q.: E : D, 

CASE U. 

' If the Curve OAH were ?n Ellipfe^ having 
the Tranfirerfe Ax AH ; it might he Ibewq, 
that the common Center of Gravity would dc- 
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4cril7e another ElUpie, as 4E>F, baring the fame 

Tiranfv^rlc with the former*, 1 For (from the 

Jtfetttte of thcfe Curves) OF : FG :: pD : PC. 

So thataB^dy moving in the EUipfe AOH, 

"While aaothcr moves in the Ax j dividing the 

SemiKx^njagate in the Point F, in the Rath of 

,^}ie Magflitodes of the Bodies; the common 

Center of Gravity fliall dcfcribe the Ettipfc 

•AFH; . 

CASE IIL 

».)|f one Body defcrib\i the Circle AEH^ and 
fttflftther the^ElHpfe AFH-, then dividing thfc 
JUine BF' in the Point O, \h the Ra$ii>' of the 
Itt^nitudes of the Bodies j it may be prov*daf* 
%^ f he feme Manner, that the common Ceatcc 
: of; CravitSr fliaH defcribc the Ellipfe AOH, paf- 
ilng.thro^ Ae Point O, and haWng the fame 
-Ttinfirerfe: Ax AH. For it may be demon- 
Itrated^satovie, th^ EF: PG :: BD : DC. And 
ithdt OF : FG : ifl^z DC^ ' Therefore EF : OF : : 
BD : y D • and (by Diviiion) EO : OF : ?Bp : ^ D. 
^ that if when the Bodies are inE andF, 'tlft 
common Ccriter erf Gravity be in the Ptoiat D ; 
then when they are in B and D, it (baH be in ^He 
PoiAt f. Therefore the common Center of 

Gravity fhall defcribe the Ellij^fe AOH. 

•• • 

CASE IV, 

If the Curve ABE wereaP4rabe||f, whofe 
Ax is AG, and Oriiinate EG^ it ij»?y. ie dempn- 

ilratcd* 
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ftrated, that the common .Center of Gravity 
Ihall defcribe another Parabola (as ADF, or 
ApQ) Jiij ving the fame common Ax- Fpr (ham 
the N^tur? of thefe Corves) 'tis EGq : BGij : 
AG : AC. An4 FG<1 : DCJq: AG DC, therefore 
EG*!: 3C<1 : :FG^ : DCS and EG : BC : : FG c 
DC, and alternately EG : FG : : BC : DC, aiKl 
(by Divifion; EF: FG: : BD : DC, and fo 'tis- 
everywhere. Confeqaently if EG be divided 
in F in the i&tf/a of the Magnitudes of the Bo. 
di^s, .tbe.<:ommon Center of Gravity ftall de- 
fcribe the Parabola ADF, or (which is aUone) 
if up<m the Ax AG and with a Parametet- 

•j^ we defcribe a Parabola, this Curve ibatl^e 
the P^t[i of; tIfecomni<wi Center of Gravity. 
'■ • ■^... '""•^'- C A S E V. 

talikemamier it might be (hewp', that if the 
Three Gurtes ABE, A/^O, AE)F Vere 4%ra- 
beta's i thefiodies defcribiag the outer aid the* 
inner >Paraboia?s, tMe comrilon Center of Gr^vii^ 
ty wou'd iteKrribe the'roiddleone,'Z5/z,. Ap^V 
that is,fappofing their Motions to^be-fo adjilftedl 
as wasmention'd in the T^^^w , arid the lnt?er- 
val EFtb beidivided inlfhel^bintO, in the *lrV 
twxA the? Mj^ittides. Fbr(lil tbtfe Eiif^S 
alfo)EO:OF::B/^: pD- ^ ' r/ 

M CASE 
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AfliJ, .Laftly, If the Curve ABE were an 
Equilateral Hyperbola, having the Tranfvcrfc 
AL, aad Prdinate £G ^ it may be demaoftrated, 
that the common Center of Gravity fliall de- 
fcribe another (but not an Equilateral) Hyper- 
bola, having the fame Tranfverfe AL with the 
^rmer \ or, which is all one, that fuch on Hy* 
perbda as this IhaU be the Track of the com- 
mon Center of Gravity, as the Bodies move 
one in the Curve, and the other in the Ax, ac- 
cor/ding to the Intent of the Theorem. For in 
the Equilateral Hyperbola .Ed =LOhAG> and 
BCteLC^AC-, and in the other Hyperbola 
(from the Cnuck Elements) 'tis FG^ : Dd : : 
LGx AG : LCx AC. So that in thefe Curves 
alfo 'twill be concluded, that EF : FG : : BD; 
DC, and from thence the Confeqoencie (&> of- 
ten repeated) with Reference to the commoor 
Center of Gravity, is plain and clear. ; AAd 
the fame may be fhewn ken of Three Hyper^^ 
bola's, as wasbeforQof Three Parab61a!s, or of 
Two Ellipfes and a Circle. 

Tl^ere are fi>me of the Mechdnick Curves, in 
which I con'd afqply this Matter yet farther ; 
but I muft obfenre jaft B^wds, ^ (as 'tis aoiv 

time) leave this Siibjeft: 

COR. 



Cor. 

^Tis evident from thefc fcvcral Cafes, th?t 
the common Ceater of (I^ravity defcribes 
a Comck Seilion of the iame Family with that 
which the Bodies themfelres defcribe *. if at 
Icaft (as to the firft Cafs) onemay beallow'd 
to make the Circle and Eilipfe akin to one ano- 
ther \ and fay, that a Circle is aja EUipfls, whofe 
Tranfverre and Parameter arc equal to one 
dnbther* 

Fourth Corollary to the gene- 
ral Law of Motim. 

The Motions of Bodies (included in any given 
Space) are the fame mth rejfeif to one 
anethefy iphether that Space be at Reji^ or 
whether it moves uniformly in a Right Line^ 
without a^rf circular Motions. 

THIS is eafily den^onftrate^ from the Se- 
coad CQToflary to the General Laws 4ffMo- 
tim^zxA particularly from the Dedudion made 
from thence, about the relative Velocity being 
c«r proportional to the Magnitude of the 
Stroke. If the relative Velocities continue e- 
Ter the fame (as they do, whether the Space, in 
which they are contain*d, moves, or is at reft) 
then the Magnitudes of the Strokes which th? 
Bodies make upon one another, are Ihe fame 

1 J ftiU 



ftili, and To their Motions are the fame with 
refpcft to one another. ' 

Fifth Co KKiLL.A.KY to the general 

Laws QT Motion, 

* * Jf 

t 

If Bodies are mov^d szy how aniongft them* 
feheSy and are ur^d hj equal accelerating 
Forces, that aSt mth parallel Directions, 
their Motions wiS proceed in all Rejfe5fs, as 

if they were not infifienc^d^ aS ly thofe ac* 
, ^tlerMif^ Farces,, 

TTWDR thoft Forces afting cq!ially(with refpcA 
X? to the Quantities of the Bodies to be mo- 
ved) and in parallel Direftions alfo j they will 
(by the Second general Law of Motion) as to the 
Point of Velocity, equally move the Teveral 
Bodies, and confequcntly. ncter alter their 
Motions and Pofitioas with Rtfped. to one a- 
nother. 

Having thus endeavoured to make fome Ap- 
plications of thofe mod ufefiil and compreben* 
five Liaws of Nat are laid down by the GreatmA. 
IBaftrioHS Aatb^ ; I ihall go on to his DpEirint of 
Cetiiripetal Farces^ and explain ibme of the 
wonderful Theorems he has difcotcr^d upon 
that Head. 

, The End of the Firfi Pttft, 
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Velocities^ , of Bq4ies, . 
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OnUlifet4lF(m4ei^^jhat', by fp/wh a Bod^ is 
Jf^m^nj ^ i»ifeBid, or by' mf other Meam 

' 'ihmfoevery made so ttni'foM xem^ 
PoinK asitmr. • ' ■ -'-'* 

C'^E tfais^kiiiii istii0FQrce:0(JrtiritT):,bf 
B which a Body teods to the Ceoterr c|f 
■^ the Earthy the Magnetick Force by 
which a Body tends to the Center of the Load- 
^fioae; and that Force (whatever it be) by which 
the Planets are continually with-held from going 
on in Right Lines, and forced to move in Curves. 

I 4 D i- 
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Definition ti. 

The dfoktte ^dntity of the Cemrifttd ^ 
Force ^ istheMeaJure ofit^ greater w :kfs^ 
in Proportion to the IE^mcj (f the Camfe^ 
frtfugating it a Ceatro ad circumferen- 
tiam. 

THu5 in one attra<9ivc Body, the Power of 
Attraftion is Itronger and greater than 
in another. The Magnetick Vertue is more 
Vigorous and fbf cible in one Lo^d-ftone>. th^ 
in another. And (in the greater Syftems of 
Jtfatter) that Force, by which. the fame Bodies, 
at the fame Oi^nce from the Centers of the 
Haoets, i% urged towards them, is ftronger in 
one Planet than another. Thus (as we fliall fee 
afterwards) the* Weight of the fame Body at 
any I^ftaiice from the Center of the Sun is 
greater than its Weight at th« iome Oiilance 
from the Ceatet of jHfittr ^ and this greater 
than that^ at the fame Oiftance from the Cen- 
ter of Satnrn \ and this greater than that, at 
the fame Diftaocc from the Geittcr of ijbe 
Earth. 
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£) JB FIN IT I O N III. 

The accelerating Quantity ^ the Vis Centf i- 
peta, is the Meafure ofit^ with reffeSt to the 
Fetocitj which it generates itt a given Time. 

EX. gr. The Vertuc of the fame Magact is 
greater at a lefs Diftance, and lefs at a 
greater Diftance. The gravitating Force of 
Bodies, is greater in the Valleys and deprcfs*d 
Places of the Earth, than upon the Tops of high 
Hills and Mountains^ and is yet greater in theii 
elevated . Places, ^ upon the Surface, than at 
greater Diftanccs from it. But in equal Di- 
ftances from the Earth, 'tis every where the 
feme i for all dcfcending Bodies, be they 
aiprc heavy or light, greater or fmaller, a- 
bating the Refiftantc of the Air, are equally 
accelerated. The manifold Experiments made 
upon rendnlHms have fufficiently prov'd thefe 
Things Xp be true in fad. 

Definition III. 

The Quantiias Motrix of the Centripetal 
fmey is the Meafunofit, proportional to 
the Motion Jphiih it generates in ^ gi- 
wn Time. 
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Uch is more or greater Weight in a greater 

Body, aad a left ina lefs Body -, and greater 
' Weight 
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Weight ia the fame Body near the Earth, and 
lefs at a farther Removal upwards. This Force 
is tlie Cmtrifttmiin^ OX Ero^^enfioa <tf a Body 
tpwaids a Ceat^rt ojr (as oae may properly e- 
noQgb fay) the fortius of it ^ and 'tis always 
known (that is, the Magnitude of it is mea« 
fared or fouad) by that of an equl and contra- 
ry Force, fnch as » fitScient tahindcr tiie E)e^ 
fcent erf the Body. 

'; £ XP L IC AT IQ N. . 

•thcfe Qpanttties^df the Ccnttljtetal Force 
Mr. Newton calls by thefe Namei, and, for Di- 
ftiiidlions fakef, confiders them as referring to^ 
Bodies, to the Places of Bodies, and to a Gat' 
ter of Forces. Namely, the t^h A^trix re- 
lates to Bodies ttiemfelTes, as the Endeavoui^ 
and Propenfion of the ^* hole (cbmpotindcd of 
the Pfopenfions of all the Parts) towards a Cen- 
ter. The Fis Accelerdtrix rcSpcft* the Place 
of a Body, as a certain Force or EM^ifc^ (pro- 
pagated from a Center, and diffufed.thro' all 
the circumjacent Regiqqs) to move Bodies that 
are in thofe Plac^« i:\i^.risJljf^uittS^% 
the Center it felf^ . as fome way or other a Caule, 
without which the Fires Metricu are not pro- 
paigated thro* the Regions about it. What the 
Caufe and Origin of Centripetal Force is, is not 
AeceSary to be deter mia'd tere^ ^tisfaffitfieqt 
that there is fnch a Thing inFaft* .^ ArfociVlatr 

ters 
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tserscrf puffi FhyHc^ C20ii(ideraftioa<fitchasa[K 
the Caufiw and SiibjcSsof thefe Forces) 'twas 
Eoreiga to our Authgr'^ Porpofe aad Defign I30 
enter upon any OifculSoa of tbemiatfaUPtaoe. 
fiot here we may take Notice of an tifeful Goia- 
pariilqn between: t he. Fi Jkc^lar^mx^ and n^flat 
we pall f^ek0^y^: For the ris v*if (*r«tri«{ htaf s 
the fame R^a^jon to the Fis Atarix^ that 
; Velocity does ft^jMotiflu ^ and aa the.Qpantity 
. of UQtm m&i^ik<mi th^MoltipIJcatioai oi fefte 
: Velocity into the Qii^tity of Mattet, fo docs 
thc.KisM^rixSmmtbs Mttltiplicaidiui.Qf the 
jTis jk€ilir^riic ioto the Qpafttstty of:x\fatter.. 
For the Sum ^of. the A^ioas of tlmFis Jctek- 
jtMrix^^S^ att tbc.Partide3af;a JBo^y^ is the 
Vis MfftrixQi^^ whole; as the Sura of the 
Momemoy arifingfrom the Multiplication of the 
Vdacity into all the Particles of. a Body, is the 
compleat Momentum^ ^or Quantity of Motion pf 
the whole : So that, as. in Bodies of different 
Magnitudes, when the Velocity is the fame in 
all of them, the Qiiantitie$^ of Motion are pr<>- 
portiofial to the Magnitudes or Bulks; foin 
all Bodies, when the acfeleratiiig Gravity is the 
fame (that is, near the Surface of the Earth) 
. the Crmji fas Moprix^ or the Pondtu^ is propor- 
tional to the Quantities of Matter, that is (yi 
Homogeneal Bodies) tQ the Magaitudes of tljep]. 
' j^ttt then, afccnding bigher intp the. Regions 
wh«jr« the accelerating Gravity is.'lefsi the 
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Pwdm of thefiody itieflea'd in proportion to 
that, pYcaas the Moment mt or Gravity of Mo^ 
tioa ia a Body is fidd to be lefs, ia proportion to 
the OimiBUtioii of the Velocity with which it 
SBOTcs. But ifoiveriatly^ as in one Cafe the 
JfUmma arc ^ the Velocities multiplied into 
the Qjiantities of Matter ^ fo in the other, the 
f^ns or Granfitans M$trices^ or fmdtrti, arfe as 
the accelerating Gravities into thcQiiantiticsof 
Matter. Thus if the acceleratinjg Gravity in the 
Region ^ be twice lefs than it was in the Region 
A, then the I'^w^of the fame Body ^ fball be 
. ia the Region B^ but half what it was in the Re- 
^on k\ but if the Body N be twice or thrice 
lefs than the Body iW; then the Weight of 2V 
will be 4 or 6 times lefs in the Region By then it 
was in ^. 

Suppofe G ^ the accelerating Gravity of the 
Body M in the Region A, and, the Qnaiitityf 
denoting either an Integer or a Fradion, C p 
ftall cxprefs the acclerating Gravity of M in 
the Region B, according as it is greater or lefs 
there then in the Region A. And becaufe the 
acclerating Gravities of all Bodies in the fame 
Places or at the fame diftances, are equal ^ 
therefore thefeQuantities G and Gf fliall exprefs 
the acclerating Gravities of the Body N, Polited 
at the fame Diftances, in the Regions A and B) 
with the Body M. Therefore M^G is the ?<>«- 
' iriW of the fiody M in the Region A, and H><Gf 

IS 
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is the Tondm of the Body N in the Region B, iuu« 
vcrfalfy. Now Suppofe M : N : : 2 : i • and ^ s: ; ; 
then M^G: N>*Gp :: MxG: i Mni G ;: i :; to 
that the Pendm of M in the Region A is ^drUp* 
pie the Tondm of N (a Body half as big) in the 
Region B, where the accelerating Gravity is \ 
of that in the Region A. Suppofe M : N : : 3 ; 1. 
then M>^G : NxG/» : : MyG : ', M>< i G :: 1 : J, ia 
which Cafe the Weight of N in the R^aB, 
is 6 times lefs than that of M in the Regioo A ; 
and the like in other Cafes. 
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Pw/. L TAwr. I. 

The Area's which revolving Bodies defiirbe 
Qy R^Jfs drawn to an immovable Center of 
'porct) do lie in immovable P lanes j and are 
frofortionahce to the Times in which they 
are defirib^d^ 

LE T S ABCDEFS be (F/ G. I.) any Polygon, 
and the Lines AS, BS,(^c. drawn to the fix'd 
Point S. Produce the fides AB,BC,CD,DE>EF to 
the the Point c^ d^ e^f^ in fach a Manner that 
AB may=Bir, BC=Crf, CD=:Df,DE=E/. From 
th^ Point C draw CR to cut BS in R,and let it 
be parallel to rB, and Ci; parallel toBS^ fo 
likewifc draw D^ parallel to SC, and E^to 
SD, and F/to SE. The Triangles SBC, SB c 
are equal being upon the lame Bafe SB, and be- 
tween 
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tvrecn the fame ParaDcrsSBod Cc. Alfo jSoce 
ABsB IT, the Triangles ASB, BS e arc equal, 
tfaer«fare ASBriBSC. So in like manner 'twill 
be provy, that the Triai^lc CSD is r=C5^ be- 
ing upon the fame Bafe CS^ and between the 
fame Parailel's CS, D^ ^ but becaufe BC=:C^ 
the Triangle BSC=CS d, therefore BSC:pGSD, 
and conftquently ASB=CSD ; and by the fame 
wjy of arguing we fliall qdnclude all the Trt* 
angles of the Polygon to be equals to oneancrthen 
viz^ ASB=:BSC2:CSD=DSE2iE8F, &c. Npw 
Ifiiall demonftrate that in equal Jimes, a Body 
(nrg'd by a centripetal Force tending to thcCes- 
ter S) wiQ defcribe thefe equal Jirn^s. For let 
T expcefe any Portion of Time divided into fet 
vera! equal Parts cxprcfsM by A* & C D. E. C^r» 
and let us imagine a Body plac^ in the Line AB 
at the Point A, and, to be carried by fucha puree 
that in the firft part of time A it wou'd deifi:r4b^ 
the line AR It's plain (by the firft Law of 
Motion) th^t if the Body .weve^ngit oiAierwil^ 
btndcr'd in the 2d part ofT^^m^ ^^x% won'd 49- 
fcribe the Line B c=; AB, an^ fo the Jre^'s ASE^ 
BSc wou'd be equal. But when it is come to 
the Point B imagine the centripetal Fdrce; to 
exert it felf and begin to caiile,th^ Body to tend 
towards the Center S(wli|ch we will fiippofe 
to be the Center of Forces),and let this centri- 
• petal Force befuch, tha^t ^f the Body were en- 
tirely aSed by that. it. wou'd malsie it defcribe 

the 



the Lit» RB in tbc Time B. Here then f he Body 
at the Point B is drawn by two Forces, the one 
its innate Force whofe Dirc&ioa is from B to r, 
the other the Centripetal, whofe Direftion is 
from B to R. Therefore (by CaroL I. of the 
Laws of Moti<^h) the .Body will move in th« 
line BC the Diagonal of the Parallejogmm 
RBC c ; and at the end oi the Time B it will be 
foundin the Point C, ever in the fam^e Plane with 
tbc Triangle ASB. In like manner in the 3d 
part of Time C the Body wiUdefcribe the JUne 
CD the Diagonal of the Parallelogram of which 
the Triangle CD d is the '.: And in the 4th part 
of Time 'twill defcribe the Ddagoaal DE, and 
fo of the reft : So that by the Con)un&ion of 
thefe two Forces it will defcribe the Periphery 
ofthcPoligonc ABCDgF. Now the Triangles 
ASB, BSC, CSD, &c. were proved to be equali 
bnt they are defcribVl.ia the equal times A, B, 
C, &c. therefore equal jlr^as are defcribe in c- 
qual Times ^ and coniequently Time A : Time 



a» . t ■■ "*- 



A-f-B : : ^«4 ASB : : j^es ASB-IBSC, and 
Time A; TimeAJ -B-HC : : jirea ASB : ^m 

ASB-H-BSCH-BSD, and fo on •, that, is th^ ^m 
dcfcrib'd are as the Times of Defcription, Now 
if the Lines AB, BC, CD, &c. the Cafes of the 
Triangles be dimimfh'd, an^ th?ir Number aug- 
mented infinitely, the Parameter of the Poligonc 
will become a Carve Line, and fo the Centripe- 
tal Force (by which the Body is drawn out of 
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theTangents) will ad incellantly, and without 
Intermii&oii« And any JfreasdefctiVd (which 
in the former Cafe were ihewn to be proporti- 
onal to the Times of Defcription) will iUll 
continue proportional to the fame Time in this 
Cafealfo. QjE: D. 

Cor. L 

In Mediums where a Body meets with no Re« 
llftance) if the jires^s are not proportional to 
the Times, the Forces do not tend to the com- 
mon Concourfe of the Rays. Ifay^in non-refifting 
MedtMnui For in A/r^^^^/^mx where a Body meets 
with Refiftance, and fo is any way hinder'd in its 
Motion, the Area^s may poffibly not be propor- 
tional to the Tiroes, and yet the Forces may 
tend to the common Concourfe of the Rays. 
Ex. ffr. Suppofe in (FIG. I.) the Body to have 
defcrib'd the Line AB in the Timer, and where* 
as (if not othcrwife hinder'd) it wou'd delcribe 
Bc=AB in the next equal Portion of Time, ima- 
gine it to meet with fome Refiftance, To as to 
^efcribeno more than B/iin the lame Time;* 
then the Triangle SB/i=SBi» will be lefs than 
SB A i fo that the centripetal Force aSing as. 
before in the Cafe where ^we fuppos'd no Reil- 
ftaijce, the Area^s will not now be proportional 
to the Times, and yet the Forces tend to the 

PoiAt S the common Interfedion of the Rays. 
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Cor. IL 

In aM Mediums whatfoevcr,if the Defcription 
of the Area^s be accelerated fttat is, if an equal 
jire4 be defcrib'd in alefs Portion of Time, or'a 
greater Area in an equal Time) then the Force$ 
4o not tend to the common Concourfe of the 
jRays, but decline from thence in Confequentia 
(that is, to the Parts towards which the Body i% 

moving. : • ' 

For (FIG. II.) AB being =Br, the jireai 
ASB^BS c, taken about the lame Poiiit S, will eveir 
be equal. But if we toolw Point as P between 
S a|id A, the Area^s ASB wou'd be greater tha;^ 
%\\tArea^?c. On <he other Hand, ifwctakfi 
a Point as Q.on the other Side of % thi Are^, 

BQ.C will be greater than AS?. Th^reforc^'if 

when 



when intbc firit Portion of Tmt^tAre4.ASB 
wasL defcrib'd^ in the id Time a greater jirtA, 
u BQL (=BQj?) be defcrib'd v'tis cert&in, tlMfC 
the centripetal Force niuft have a£iedwithii'Di> 
r^ion, as LC parallel to B<?Q, that is^i that 
the Forces nowtendtothefointQ. Thefewrc 
may be {hewafor any other Point taken: in thi 
fame Right Line beyond dj if the Diredion of 
the Area's be accelerated^ the Tendency of the 
Forces will liiH be in anfajpu^dt. ' "• 

Theor.il 

Every BodfrHoving in dCufve^ and (hjfRkp 
dratpn to a certain Pointy either immwahU 
or going on uniformly ifp -a Right LIm Mq^ 
tion) deffrihing AvQ^s/aiffitut thmp Fjoint 
proportional toth^ Times^ is urged kj^^ 
Centripetal Force tending to that fame Point. 
rSeeF/G. L) 
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no R' every &jdy moving in a'Cnrve, ft caR 
J; ried out of its RigHriii lie Cpuricijf foS^ 
Force ading^upofl it, by the ■'^' L'/mofJiimoA. 
'And that Force by whicHihe Efody is- nw'di'ito 
deflea frcnti its 'Re^aiiie^dchitfr,' and' tcPlii 
Vctibethc little- cqbil^T^^liBfe- S'^^^ Sfi??, 
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feftion patallcA ta thd Line Cr, by the Second 
iirtP of Motion : That is, it afts with the Di- 
redioB BS. So in the Point C it ads according 
to a line parallel tpD^ that is, by the Line 
CS^ for the fame Reafon : And fo 'tis every 
vrhere. Therefore it always ads according to 
Lines that tend to the immoTdbieToint S.QLE.D. 

C A S E II 

If the Plane in which the Body defcribes a 
CBrvilineal Figare(and confequently the Center 
or Point to which the Forces tend) moves nni« 
ibrmly in a Right-line Diredion \ 'tis all one 
as to the EfTed (by CwoH. 4. to the genetal 
t^axos of Motion) Whether it ddes fo, carrying 
the Body and All along with it, or whether it be 
abfolntely at reft. So that either way the 
.Troth of the Propofition is manifeft. Q, E. D. 

S C HO L. 

'Tis poIDble that a Body may be urg'd by a 
Centripetal Force, compounded of feveral o^ 
ther Forces i about which Compofition of Forces 
-we have Q)oke iufficiently already in the firft 
Pages of this Book. Now always in fuch Cafes 
as this, theSenfe of the foregoing T^r^rrin, is^ 
that the Force which is compounded of all the 
t^y is that which tends to the Center. Epc. gr^ 
Suppofe in FIG. IL Pag. 7. where the Force 

ndiog with.thfi I^iredioa CBk ihewnto be 
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cqfiiratefit to the Forces afling with the Di- 
rcdions CD, CE, CF. We are to conceive, 
tie cortipound Force, vih^c Diredioft is CB ' 
to tend to the Center; fo that the Center oitiii 
Forces, where all the Rays meet, isfomewhere 
or other in the Line CB (produced at leaft, 

'Tis further to be noted, that if there be 
any Force that aQ:s with a Direftion perpen- 
dicular to the Superficies defcrib'd by the Body, 
that this Force may be altogether left out of 
the Account of the Composition of the Forces. 
For tho* it makes the Body to decline from the 
Plane of its Motion, yet it tends no way to 
alter the Magnitude of the Surface dcfcrib'd, 
neither as to the encreafing orlefleaing of iti^ 
and may therefore be negleded, 

T H E O R. III. 

Every Body (which by 4 Ray dxsmn to t^Q 
Center of, another Bodj^ (howfoever mov^i} 
dejcribes AreaV ^oat that Center profor^ 
tionalto the T^mei) is urged with a Force 
compounded of the Centripetal Force tend* 
ingto that other Body^ a^d qf d the acce^r 
• lerMing Force with whi^h^ th^a$ other Bo^ 
it [elf is ur£d. 

TT ET the Body M defcribe Areas propbr- 

I i tional to the Times, about the Center of 

the Bodj K i an4l€ttheBody N be urged with 

K 3 \\ 



an jjcceleratiflg Force, fs -lA. SupprtTe now > 
both Bodies to be djawn in a j^calleUDiredion 
bjr a nff Force pqjm|a4>dccaitrary to the for-: 
W«r, .wj]|^ch putf=r:Af. Then, nDtrnthfland- 
ing, the -Body M w^kll dcfcrihe >*mV pi^jpor- 
tion^l to the Times, as it did before the Adion 
of. this pew Fwce, w jth^ refpe^^ Jto N, (by 
Cor. ^. tothe,^<rp>^ o/^rw»,j) but tiie Force 
-A win deftroy tbe>Fp|-ce ±A iq the Body N 
(which will now therefore either quiefce, or 
move, uniformly iij a Right Uqe (by the firft 
f^aipof. Motm^ . .%^ . alfo becgBf& the Body 
|;i.'is influenced by t^is pew Force wAi tbere^ 
fore the Force by which it at grft tended tQ 
the J6o4y N beipg call'd C, the Force by which 
it is now urged fliai^ :;= C-A } wWj* Force 
(by Theer. II.) fhall ftiU tend to the Center of 
tjie Body N, becanle wc have Jhewn, that the 
y<rw% with refpea to that Center, are ildU 
propoi tional to the Times. So that every 

6ody,^f. Q.:E;D. 

, •■ ■ ... .■ 
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Hence if one Body, with a Ray drawn tO: 
anothet, defcribes-^wV proportional to the 
Times j and if from the whole Force (whether 
a fimple or compounded one) with which the 
ftwmer.Body is urged, we fubftraa the whole 
tc^eloating^Force with which the latter Body 
is urgfd ; all the ronaxmug Force by which 

the 



the 'foi'raer Body is ufged will tend to the latter 
Body, • as its Center. This is plain from that 
JDemonftration j for the refulting Force is =: 
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If the Argils be not accurately, but only 
ftcarly proportional to the Times, then the re- 
mainiag Force will npt accurately, but nearly 
tend to the other Body. And the Converfe of 
this istruealfo. 

Cor. Ill, r 

If a Body with a Ray drawn to another Bo- 
dy defcribes Artis\ which comparM with the 
Times, &re very unequal 5 and that other Body 
is either quiefcent, or moves uniformly in a 
Right Line : Thea, eitheV there is no Adion 
' of the Centripetal Force tending to that orfrer 
Body as its Center, or elfe its ItiixM '^lA com- 
pounded with fome very ftfong ASions of q- 
ther Forces : Atid thie whol6Porce(compbUnded 
of all, if there are many) is direfted to another 
Center, either a movable or an immovable one, 
about which the Defcription of the Artds is 
equable and regular. And the fame holds, 
when that other Body ii moved even with any 
fort of Motion •, provided the Centripetal 
Force (that whicjh we here fay isdircfted to. 

L K 4 qino- 
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another Center) be taken for the Remainder, 
after the Subftraftipn (of the whole acceleia* 
ting Force t^at ads upon the latter Body) 
from the real Centripetal Force of the former 
Body. 

The Reafon of all which is eafily dedacible 
from the Second Theorem (foregoing) in Con- 
jundion with this Third. For where the Areas 
defcrib'd are proportional to the Times, there 
the Adion of the Centripetal Force tends to a 
Center, that is, either quielbent or moves uni* 
formly in a Right Line : This is plain from 
Tbeor. II, Therefore if that Center be either 
quiefcent, or moves uniformly in a Right Line \ 
and the Jre^^s defcrib'd be nqt proportional to 
the Times, 'tis 9 fure Proof that either the 
Adion of the Centripetal Force does not tend 
to that Center at all, or elfe that 'tis confound- 
ed and difturb'd by the powerful Adipns of 
G^her Forces. And if according to the T^nour 
of Theor. III. th$ Center here fpoken of be aao^ 
ther Body, the Reafon of the prefent CproU^ 

yrill be fuffi^ieatly clear wd mamfeft, 
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1^ B M M A E 

Let JB be mf Arch of a Curve ^ (BIG. JJl.) 
the R^htLweJB itsSuhteaJe^ and AD 
its Tdngent equd and fardel to the OrdU 
nateCB. When the Faints A and D came 
injinitefy near together^ the Arch AB^ the 
Subtenfe AB and the Tangent AD mS be 
equal to one another ; or in the Newtonesm 
Sty ley the lajl Ratio of the Arch, the Chord 
And Tangent mil be a Ratio of Equality. 
Each one of thefe Lines therefore majf be ufed 
w taken for the other in all Argument iaious 
about ultimate Ratio's ; tha$ is^ i^en thefe 
Quantities are con^der^d as vanifhing upon 
the infinitely near Aff roach of the Points A 

offd B together. 

This 



This Lemma appears to be fo dear and evi- 
dent, tliat I have forbore to demonftrate it up- 
on that Account. 

L E M M A II. P R. O B. 

The Lines Dfi, db^eiffgparaBeltoJC^ and 
cottfequentiy Perpendicular to AD ; draw- 
ing the Unen SG, bg a^o Perpendicular 
to the Suhtenfes JB, ab ; Let it he requi^ 
red to fnd the ultimate Ratio cf DBj d b 
(the Subtends cf the Angle of Cental) to 
the contemHnal Arihes AB^ ab ; becati/i 

.T ^.'tke Right Angles Mg, ^ifflCJ/W Circle 
1' , Jhj/S thro* the Bwas Al^,' <* lit^S anther 
Ciriit thfo* tk» B^n$s A,B,G^ 

'•T' E T the Arch AB = A, A*=^ AG =;2R j 

' JL4 A^= 2r. A^=X i Ac-*- BC=y. *r=>, 

AB = D and kh = d. Now becaufe of the 

^Qreles wc h^ve theft Equations ,YY = 2 

RX-XX, and t)D=2RX; yy:=^lr3t—xx and 

dd 3= 2tx ; and dividing by 2R and ir (which 

are ^Ch of them a ft^ftding Qpahtity) DD will 

.always be as X, ^rAdi as x. But when the 

Points A9B31 and A)^ approach infinitely near, 

t^e Qiiantity X becomes x, and x becomes x^ 

and are the.Subtenfes of their refp?aive Angles 

of Coatad, alfo the Chord D is in this Cafe; 

CO- 



[159 3 

coincident with the Arch A, and the Qiord jf^ 
coincident with the Arch 4^ therefore iR x 
is = A' and A' is asx, likewife 2'r« = 44, and 
aa is as x, fo that the Subtenfes of the Angles 
of Contad are as the Squares oi their eonter« 
minal Arches. Q. E. I. 

S C H O L. 

We have only here conlider'd db and DB 
(^thc Subtenfes of the evanefcent Angles of 
Contad) as PerpendicolaDrs to the Tangent AD \ 
but it will be the fanie thing^if we fuppofe 
ttemtobeincliiied, fbrlet AOaiM Bpmake 
aay given A<ig(le, theft the ultimate Rath of 
B2>.to; hi mil heche feme as befo^/vtnd con- 
ii^eatly the ^loe^ith that of A% to tkq ^ 
If the Angle D be (io^ given, yet t^ Aiigles 
Dj4 will always converge to, and come nearer 
4»} Equality, than; by any Difference affigifaBlei 
9QdfC0Jifeqi^^y wilKat laft beeqiial j tliere- 
fore tfaelinesltD^i^^ ire in ^t {kmt Ratio to 
oAe another as b^ote;- ; j * 
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:T H E O R» IV. 

Bodies defcribing different Circles mth m 

, equ/Ale Motion ; their Centfifetd F^r^es 

teffd to the Centers of thofe Or ties ; md 

to the Lmp of thofe Forces mopf alfo be dif 

cave^d. (TIG. IV.; 

I. ripH AT the Centripetal Forces tend to 
X the Centers of thefe Qcdes, is moft 
evident. For fince the l^otion ur the Periphe* 
ties is fnppofed equable, therefore from the 
common Princifdesof Mecbanicks, the Arches 
nm win be as the Times in which they are ruii. 
But the Sedors (or Are^fs taken from the Cea« 
ters of the Qrcles) are in Proportion as the 
Arches upon whidi they Itand. Therefore thofe 
Jtrea^s are as the Times ^ and therefore (by 
The&r. II.) the Gentripe^l Forces tend to the 
Qsnters. 
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2. Imagine tbtl Bodies to defcribe the Arches 
BDi bd in the iame time, and let CD, cd be 
drawn patallel to SB^, that is, perpendicular 
to the rcfpeftive Tangents BC, he. Now (ince 
'tis by the Centripetal Forces'that the Bodies 
are drawn out of the Tangents into the Cir- 
cumferences, 'tis plain that thofe LineoU CD, cd 
(condder'd not as of any finite Length) will re« 
prefent the Centripetal Forces : For they are 
the genuine Effeds of thofe Forces, produced 
in the fame time, and therefore are propor* 
tional to them* Again, becaufe they are Li^ 
neoU Nafcemes^ they will not differ from others 
that tend to the Centers of the Circles, whi* 
ther the Centripetal Forces ought to be dired- 
ed, by the former Part of this Prop. III. 

3.N0W to difcover the Law of thefe Forces, let 
S=R.SB=r. bd^zAfiDz^a. cd:=:k (Subtenfe of the 
Angle of Contad, in the greater Circle) CD=:« 
(Subtenfe of the Angle of Contaft) in the le& 
By Lem. II. we have 2K ± =A A. and zrx = aa^ 
fo that A' : a": ; iRx : 2r i, confcqnently i : 

A* ^ 

i :: — :— . That is this Th bo r. viz. The 
R r 

Centripetal .Forces are as the Squares of the 

Arches (defcrib'd in the fame Time) divided 

by the refpedive i?4^«. Q.;E:l In order to 

the Inveiligation of the many npble CwoUaria 

tiiat flow from this Tbiorm^ we are obliged 

to introdttce th^e Symbols. C= Centrip^ 

force. 



force. TpTimc. V = Velocity ia :the . outer 
Circle hd-^ and r, r, zr, tOrCtiM-cfs. the like 
Qpantities in the inner Giricle:9D. By. the 

■ A* jt* 
Theorem Yis C: cr::=- : — 1 but b^caufe the 

Arches A, ^ arc defcribM in the feme Time,' 
therefore, by the Vtinciples^biMechanicks^ the 
Velocities are as the Spaces, that is,< th^ 
Arches run ; therefore V : e^ : : A : ^ therefore 

C : c : t s- • ~, that is Co r. I. The Centripc-. 

tal Forces are as tbeS(jaares of 4lie Velocities,^ 
divided by the RadU. This is the Law ibr the 
Gentripetal Forces, in the Cafe of infinitely 
(taall Arches ^efcrib'd in the iame Time. Let 
T,r, eJDpreftnow the whole Piriodick TirBes 
of defcribing the Circles, and let the Periphe-^ 
ry of the^Outer Circle =.P, andthar of the itt- 
ner = p, andall the reft as before. From iWl* 
thmich^ the Times of defcribing the Periphe-^ 
tics F, fy are in the Rdtio compounded* of the 
^xxtSiRoihoi thofc Peripheric (or the Spaccfj 
xun) andthe Reciprocal of the Velocities, that 
is, T : t\ : ?^v : px V ; but P :^ : : R : r (the 
iPeripheries ar6 as the ^iwfcV) therefore T : t -^ i 
Rxt;: r><V, but alfi) V: t>::.A:^<the Velrf* 
dties in the equable circular Motions areeter^ 
nally as the Arches deTcrib'd in^th'e iame Time) 
therefereT:tt:Rx^:rxA, anrTr A'=t>Rii 
and (fquafingy T' r * A* * >» R^ «^ t»erii<*e 



^:£:iC :;!|', b»t (byttt''af«r.>€t rft 

A' «'•■•■ ' - • 'pi' .rf' ■ ■ ■ ■ I' .!.;<■> 

^i — , therefore C : f ::— : -^, or, which Is 

all oxie,G : c : : Rx/^ : rxT% that is g cj r, Uf^lJiift 
Centripetal Forces are in the Ratio cgmpomi^a 
edtrftfeedired^^f/V o( the RaJii^ and there- 
ciprpcaj /?4ri> pf the Sqnaisas: of. the- Bsriofick 
Times. Which is the Law /w (^ Centripetal 
Forces, when we confider tlicNvhok Peribdick 
Timsi. No w^ ftwk tbeft; general Laws all tM 
others, relaticg either to jG?atripetal Forces 
or Velocities, are «afily deduced, BaaJdng,^| 
Soppofitibn whatfoever. iFor, whatever the £^e- 
tiodickTim.es be, wehav/e got a general t55wi 
rem for the Centripetal Ep^cesiift tWs laft Ccrok 
Ury: And as jor the Velocities, they areevoi 
as tb9 Af che$ A>.^ defiirii>'4 Iq th^ &nie iim^ 
aad[ coj^feqij^orty. wll b« iQUi»4 l^y? the PiopoiH 
tioa <A thofe. Archie . : . - ; -:: 



Ex.gr. 1 . Let us fnppofe T=;: n . Now fiacc 
(by G^. IJO '(isC: ^z::M : ^, aod^^T (by 



r I: 



Hypofhefis) thereforeCtct: — •: ^ : : R: r- 



I 



I 



Thaf is Ths; o i^ Jf ^Ijfi HsfiflfUck TiiwKaiMj 

. :-. (by 



C J44!I- 
(by Ctf. LJ> aodC : c: : R : r (in this Cafe of 

tqual Times.) Therefore -- : — : : R ; r* from 
^ R r 

whence V : v : : R : r. Tlww^* The Velocities arc 
diredlyastheRiiys, when the Periodick Times 
are equal. 

z. LctP: r*:;Rjr. Therefore fince C : c : : 

11: J* (by Cir.IL)*Cis plain, that G=:cr. Tliw. 
r R 

If the Squares of the Periodick Times be di* 

redtty as the Rays, the Centripetal Forces arc 

equal. For the Velocities. 'Tis C : r : : — : ^ 

R r 

(by Cor. I.) and G=c (m this Cafe ;) thererefore 
~= -i from w hence V* : t;' : : R ; r, and V : v : : 

R*:r*. Tlwar. The Velocities arc direaiy in 
the fubdnplicate Katio of the Rays, when the 
Squares of the Periodick Times are as the Rays. 

3. Let T':/?::R':r\ Therefore linccC:^:: 
-• 5-0>y^^- n.) 'tis clears that C:r;: 

r MX 

r : R. Th^ar. If the Squares of the Periodick 
Times be as the Squares of the Rays diredly^ 
the Centripetal Forces ihall beds the Rays reci* 
procally. For the Velocities. 'Tis C : ^ : : 

V* V* 

-- : J (byCir.i) and Cici: r: R (inthis 

Cafejr 



$ 



Ctfe) thert&re |^' :£-':: r : R, from whence 

V* = v^y and V=:v* T a bo r. If the Squares of 
thePeriodick Tiaies are as the Sqaares<Qf tiie 
Rays, the Velocities are equal. 

: ■ * ' ' ' ' • 

i J • ... , , ^ 

4. Let T' t f ' ♦: R» : rK Therefore fince 
C : c ; :1' : X' ^by Gor. n.) 'tis plain, ^fat 

C : c : ^ *•' V K". T rt fi or. if thfe' Sqosires tjf tie 
Periodick TlJpefi be as-tJie Cabics of the BUss, 
the Centripetal Forces fhiall be reciprocally as 
the Squares of the Rays. For the Veiodties. 

• yi- -j,. ■ ■ ■.-•■;.:, 

*TisG:f;:s- = ~ <by Gir. L) and G : c : : r' : 

R* (in thisprefent Cafe) therefore^: e;-;: 

>•'; R% from whence we have V*R = vV, and 

V : v\ : r* tRt T h e o r. When the Squ*es . 
of the Pcriodick Tiipes are as the Cubes of the 
Rays, the Velocities are reciprocaHy in the Sub- 
duplicate RaHo of the Rays. 

S.LetT": t'' i: R% r" univcr&lly. There- 
forefinceGtr: : — : -n- (by Car. II.) andT'i 

t^iiK—^' r~ (by the'<Jonfequence of this 



2a 2n 



Sappofitlon) therefore C : r : t r_w : RuTV that 

r R 

L is, 
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?*=?':R^±:5.^a^th6Vela. 



m 

J a- 






!^^i»< :W5h^feQ5 e-. : ^ :• 7 .(&Qni<7'^r. I-) 



and C :c::r 

• . •.' , . . . . 

2»— IW 



: R 



I / > » 



^ therefore -^: 

: rS=^ vfrom whent*e (by Jolt 
Opeyatiqa. with }thc i;xpaneiits) we ihall have ^ 






f» 



, y..^ ..r ^^: K ^^-^- So that if the Expo- 

.; v::. ^•^^ ''^'^^'' ..^ ^. : ^ • , ••' •-■ - '• 

nent of the Periodick Times be /w, aad that of 
the Rays be =» j then the Exponent of the Cen- 
tripetal Forces fliall=: ^!?=^, and that of the 

m 



Velocities fhall = 



_ »-^i» 



tn 



Q, E. I. 



Fig. 5^ 
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P R O B. I. 

Tp deter mipie the Space the Centripetal for he 
ipou^d carry aBodjthro^, in the fame Time 
that it defer the s any given Arch of a Cir* 
cky in which ^tii fuffos^d to move uni* 
formly^. 

IMagine t^e Body at the Point P {VIC, V,) 
to be aded entirely by the Centripetal 
Force, and fo drawn on by it in the Diameter 
BQLtowards the Center S. Now, if this Force 
be fbppos'il to remain ftill the -firtej' without 
jany manner of Alteration^ and to ad .upon the 
Body by continual repeated Jmpulfes j then the 
Body will be carry 'd by it after the fame man- 
ner, and according to the fame Law, that it 
wouM be by the Force of Gravity. And there- 
fore the Body (thus aded upon by the Centripetal 
Force) wou'd defcribe Spaces in the Duplicate 
Jf4r/(? of the Times : For that is the Z<iw a/Gri- 

'vity (by rheor, W. Galil. Dial. III.) 

'This premised ; Let the infinitely fmril 
Arch BD = a, an* the Particle 'of-Tirw 'tils 
diofcribd in be put =r ^ alfo let the giv^a 
Arch (intended in the ProhUm^\h^ BE) :£ A, 
and the Time 'tis defcribM in be = T. Then 
becaufe the Motion in the Circle isfuppos'd 
equable, ^tis t \ T : : ^ : A, and ^ * : T* : : a\ 

L 2 h\ 
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A' J (from what GaliUus has demonftrated a- 
bout equable Motions.) Alfb (putting the Dia- 

jBCterof^h^qrclec^D) 'tis<: A^-:^ • ^' 

therefore r ' T' : : pr •• -jr-^ Biit it was fhcwn 

before, .that, the Spaces - which the Body 
faded by the CeiitVipetal Force) describes, 
are as the Squares of the Times ^ and there- 

';forft thofe Spaces arc as the Quantities ^, and 

• — .. Bat iii'thfe Ifime r, while the little Arch ^ 

isdefcriVd, the Centripetal JForce carries the 

Body th'rbugh the little Space — fby Art II. 

tbm^ IV.> therefore in the Time T, while die 
,iATch A.is'defcrib'd, it wou'd (if the Body 
. wer© folely aded by it) carry it thro' the Space 

A* 

^. From whence arifes this The or. That 

D 

tA what Tiiqe a Body reyolving in a Circle de- 

fcribes any given Arch BE, in the fame Timei 
. if it were carried by the Centripetal Forc^ in a 

Courfe, it wou'd defcribe a Space 



^etjual to ^^ that is, to iflie Square of that 
Arch dirided b; the Diameter, Q:£*I' 



Cot. 
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Bodies defcribing different Circles with equa- 
te Motions \ the Spaces (they woH-d be car- 
ried thro' by the Centripetal Forces in thofe 
Circles, in the fame Time) arediroa*yprc4)or- 
tional to the C^entripctal Forces thcmfelves, 
Ex.gr. Let D. 4 be the Diameters of Two Cir- 
cle^ having their Center comnron-v d.h. Two 
iijignitely fmall Arches dcfcrib'd in thefe Circles 
in the lame Particle of Time=:r. A. B* any Two 
Arches of a finite Length defcrib'd, the oqe in 
ppc Circle, and the other in the other, in the 
fame Time T* Then from what was fbewn be* 

a^ A* 

fore r': ^^'-'tY n' for one Circle j andalfo 

A * B* 

r ' ; T * : :-T • j, for the other, Circle, . Thcre^ 

^a *A* ?i * H* Jl * 

fore (by Equality) ^J iJ^'i' 7» ^^ D^ 



.'*."■ 1 i 



V-:: ^ • -J- But the little Arks. 4 aad ihc- 

J IPI deftrib'd »n t be feme Time (by the Hypo- 

^ thefis)the Quantities -, — exprels the Pro- 

j^tipn of fche Centripetal Foriies^in thofe Gir- 
t Ue^by^riI^Tk^nil^) Alio ^heQisaatades 

A* B* 

— 1 -7 are the Spaces the Bodies ar^ carry '4 

L 3^ thro' 
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thro* by the Centripetal Forces in thofe Circles 
in the Time T (by the Suppofition.) There- 
for? the Confequence is clear. 

Cor. II. 

. SuppoiiQg all as before ^ the Spaces that the 
Bodies wou*d be carry d thro' by the Centripe- 
tal Forces, in unequal Times, are in the Ratio 
compounded of the Squares of the Times, and 
the Centripetal Forces. All the other Symbols 
ftanding, let the Arch B be defcrib'd in the 
. Time 6 •, the infinitely fmall Arks a and b being 
foppofed to be defcrib'd in the fame Particle 

a* A* 
of Time r, as before. Then ^ ' : T* ; : |^ • pr, 

' ^ * B* 
for one Circle, and t\ 9 ' : ; 3- • -r^ for the 

ad 

Other Circle. Therefore (equalling tbcfe Two 
Values of t \ and making the Analogies from 



^ ^ A\ B* -, a' , b' 

thence) we have ~ • T'-^^n ^ ^^"j 



But 

the Two former Terms of the Analogy ^re the 
Spaces the Bodies wou'd be carry 'd thro' by the 
Centripetal Forces in the Time T and 9 -, and 
the Two latter Terms are compounded of the 
Squares of thofe Times , and the Centripetal 
Forces in the Two Circles. Therefore, i^r. 



jb... ^ 



COR. 
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If the Symbols A and B^inftead of Arphcg, dd- 
note the whole Circumferences of the Circles, 
and confequently T and fi be the wholePbriodlck 
Times of the Oefcription of thofe Circum- 
ferences i then 'tis evident, that the Qiiantitics 

A 2 "Da 

— V zii willbetooneanothcrasD:<i,tfaatis, 

T> d 

the $pace$ (the Centripetal Forces .W0tt'4 imt 
ry the Bodies thro' in the Times that the Cir- 
cumferences are defcrib'd) wou^'d be in Prppor. 
tion as the Diameters, or the Circumferences. 
For A : B : : D : d (that is, tlie Peripheries-*;Jft 

A J r> a ry. J a 

a» the Diameters) and fo j^ : -^''IQ' 7*- 

p : d. And there's no need of any Proof thilt 
this muft be true univferMyi whatever be the 
Ratio of the Periodick Times, or in what une- 
qual Times foever the' Circumferences of th« 
Circles.are imagia?di,^Q, be. d«^rii)'d~,iy. the 
;, Two -Bodies* ^owevery^;.. there wgsej;j;he 
young. Btudiat forhis.Ej^e'^cife qiight ?3fil jf clggir 
it/,frpm the general, i^nsto wt^eji^ fff^- 

lary. For there 'twas ftekn, *at'g!-J^^': : 

T^ ^ ^ : fl* X—' : Now, the Quantities-^ , -- 
D d u a 

cxpreiling the Centripetal Forces in thefe Cir- 
cles, let us ufe the Symbols C. c, for them, and 

L 4 then 
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then the Analogy ftands thus- viz.. ^': 5.':: 

D d 

T' xc : fl * X c. Now, here Jet the Periodick 
Times be in what RmIo of the Rays we plcafe, 

we fliaH ftin find ^': ^:: D: d. Ex. gr. 

^ * ' 

Lfet the Periodick Times be equal, that is 
Ti=9, thta will C r c : : D : isf (by what was 
&ewjj ^bove at the Cwtiaries of Tht'or. IV.) 

and cbofeqoently ~.^ iiO.d, Again, let 

T : «* : : D : ^, then will C=f, and To -' : - : '• 

' O d 

P '.d. Ut T' : «' : ; D' ; </ ', then wJU C : r : -, 

4* : P% aud confcqueatly r- : ^ x:D^^^*: 

D « . 

^ *xD' : : D : rfi And fo proportioaaWy in any 

pthcr Suppofition t^^ may be made, 

C O R. IV. 



» > 
» » » 



From what is found in this Pnblm^ wp 
may eafily compare Centripetal Forces with 
any other known Force, fuch as that of Gra- 
vity (£*. ^.) which Ihall be the Bufincfs of 
the foDbwJH^iVflAfem.^ 



i « 



!. ' J 
, - I 



•'-' ■•''• ■ ^ ^ ' • '•' s ■ " n B-^0'3P.' 
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* I. • 

P R O B« II. 

To fiadthe Frtffortion cf the Ctntrif^d 
fme to tba tf Gfitvity, 

xjr id the Partible of Time ^ while the little 
Ark BD=«« is defgrib'd, (FIG, V-) the Body by 
the Force of its Gravity deicrib'd the little 
Space BF, which pot =?• Then in the Time 
T, while the Arch BE=A is defcrib'd, the 
Sody will have defceoded throp^h a Spaces 

i^ (for r*^:T*^: : f*. to the Space dcfcribd 
to the Time T, by the X^ 0/ Gr^ty) 5= »il 

A% becaufe of th^ eqimbl^ MotioQ ta tbe Circle) 

So thatBR t='^= the Spvc dcRrrb'd by 

the Gf avity in the Time T. But in the iame 
Ti;lie, the Centripetal Foctie wouM carry the 

lioMdy thro' a Sgace -? ^ (by wfett w^ flic wn 

at Pri»*. I.) Therefore tbele Sp^ce;^ jire to oae 

another as ■— / • g^ thtt m, fls^rgr^ or as 

Dxjrt /f ». And ctmrequcntty the Foi^cepf Gra- 
vity, and theCcnttipetel Force/ making the 

Body 



L 



Body to defcribe thefe Spaces in the fame 
Time, are one to another in the fame Ratio* 

But becaufe the Tetms p and a are infinite^ 
ly fmaU, therefore to exprefe this Proportion 
in finite Quantities, we may proceed thus. 
Let it be r * : T' : : p : * j then * is the S^cc 
defcriVd by the defccnding Body in the Time 
T. But (from the Uniform Motion in the Cir- 
cle) r * : T* : : a* : A\ theriefore (by Equality) a": 
A* .• : f : iy and ^ * : / : : A\- % and confequcntly 
inflead of tfie Terms f and i'% putting in k and 
A% which arc propdrtionir to them, the 
JProportion will b? as .Dxl; A*. So that we' 
have this Theorem^ The Force of Gravity is to 
the Centripetal Force (of a Body revolving uhl- 
fi>rmly in a Circle) as the Reaangle under 
tlie Diameter of the Circle, and the Line de- 
fcrib'd Ky a defcendirig iScAf in any given 
Timej^ ^0 the Square of th? Arch defcrib'd by 
the revolving' Body in the fame Time. Q, E- F* 



C O R. 
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When DHil=A% then thofe Two Forces are 

equal i that is, when *=rci or the Space a 

Body defcribes by the Force of Gravity^ is e- 
qual to that it would be carded thro' by the 
fjepttige^al . Force » in the fenic Time. 

Thbor- 
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H £ O &. V. 

ji B0dy tevohing in the Circumferenee of 4 
Circle y the Centripetal 4»d Centrifugal 
Forces are eqtul to one another. 

FOR while the little Arch (F/G. VJ BD 
(^•^' <g^') is defcrib'd, the' Centripetal 
Force ha$ carried the Body towards the Cen- 
ter by. the^pace CD. And if the Centripetal 
Force were away, the Body, injQread of dcfcri- 
bing the Arch BD, wou'd go on in the Tan- 
^ gent, and defcribein tbeiame Time the LineQla 
BC(which hy Lemma I.is^the little Arch BCL) 
In which Cafeit won'd be carried ofF froni the 
Curve of the Circle, by the Diftancc xpfthe 
lame Dfieola CD 5 ^d this, is the Ef&a of the 
Centrifugal Force. Therefore the Centripe^l 
and Centrifugal Forces producing an Efftft of 
the fame Magnitude in the fame Time, are c- 
qual to one another, Q. E. D. 

C O R. . I. 

All the Theorems relating to Centripetal 
Forces, which were dedticed in ^he Corollaries 
of Theor. IV. are applicable to Centrifogal 
forces alfo. 



CoK. 
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m 

C&n. IL > 

ht^j according to the Teoonf of the fafl: 
frdftm^ the Centrifugal Force IbaD be to that 
of Gravity, as A^ : D>^i ; and ooafequeatly 
equal to it, when A*=p><*. But to explain 

* here a little what I intend by the Centrifugal 
Force being equal to that of Qrayity, let us 
conceive a Body revolving in a Circle to be 
held by a Thf ead, produced out of the Center 
of the Circle it defcribcs, fo that by the 
Means of this Thread it keeps always txaOly in 
the Circumference of the Circle. Tis certain$ 
that as the Body revolves with a greater or lefs 
Degree of Velocity, fo the Thread that hol^s 
it will be ftretchM more or lefs violently. For 
the Endeavour to recede from the Center of its 
Motion will be greater or lefs, as the Velodty 
ivith which it moves is either greater or lefs ; 
and that greater dr lefs Endeavour of receding 
will produce a greater or left Tenfion of the 
Thread- This ftretching of the Thread by the 
Body,as itmoves in this manner circularly , is the 

- ftfifeaof the Centrifugal Force, as that Tenfion 
of it by the meer Weight of tlje Body, where 
it is^ freely fufpende^ by the f^me, without the 
Intervention of any fort of Moticu^ or Impe- 
diment, is t^e compteat Eilci^ of the Fotqe of 

bra- 



y 
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Cratity. " And «s the Djsgrees «f Velocity 
(with which a Body may raove dixalarly) ate 
iafioit^ and co&ftqaeatly th«re may be a& n»Qj 
D^t'ecs of Tffl^oa of the Thread that de- 
tains it in its Path in that Motion; fo when 
fuch a Degree of Velocity is pitch'd npon, that 
the Tcnfion. of ^he Thread arifiag irom theoce, 
is equal Jto that which is thcUe&lt of the free 
SnfpcnfiWi w« &y then, .tb|t t^.Centri^l 
force is. eqod to. thatof %«rky<j^gwfetl«y 
both pK»d!Ke the fame, Effeasupon the Thread; 
oc whatever Proportiott thsT^ifioJK hear to 
oae another^ we may fay, the Forces (the Gaffes 
of tittm) bfar the feme. : Now, to eagaiire.a 
little iiito;thi$ Matter. The revejlviag Bo% 
moving «iiifortidy ia the <2i«lB, we wifl coa- 
fider the Vdodty of that Moiion, as fome one 
orother of thofe Velocities, which wolildije 
acqoird byitin a free perpeadicular Defcent, 
'Ex.£r. in <*«e Diameter of ^ Cirde. ^fow, 
whatever Space the Body dcfcribes by the Force 
of Gtaviiry in its Defceat, if it afterwards 
moves equably with the greateft Velocity gol- . 
ten by thtft Defcent, ifs a known ntcrem. 
That the Space defcrib'd by the uniform MdTi- 
«>n ffiafl be double that dcfcrib'd by theoai- 
fbrmly Accelerate, in the feme Ti^e. Let 
the Body therefore in the Time T defcend thro 
the Space k, and if with the Velocity gotten by 



this Dcrccnt k afterwards moves equably in thte 
Circle, and does in the (ame Time T dcfGribc 
the Arch A j thea fliall A=2*. Now, let il=i«D 

univcrfally, where m denotes either an Inlegen, 

A 

or a Fradion. Then is AzzzmD^ and — 

u 

fthe Space the Centrifugal Forct would carry 
the Body thro' in the Time T)=4 wmD.Therc- 
fore the Space defcribed by the Gentrifiigd 
Force, {| ta that defcribed by the. Gravity ia 
the lame TimeT, as4;»i?9D: mD, that is., as 
4i»: t, and confequently theft Forces are in the 
iame Ratio. Hence in particular Cafes tbePro*- 
portion of the Forces is cafily known. £y.^, 
lifn=:i^ then 4 i»r:i, and fb the Centrifugal 
Force in that Cafe is equal to the Gravity. If 
mt=:[^ then 4 i«=:2, and fo the ProjKjrtioa of 
the Forces is as 2; i. If iw^J, then the Pro- 
portion is as 3. 1. If i»=i, then 'tis as 4. 1. 
and in like manner for any other fort of Suppo- 
fition. The Senfe of all which may be ex- 
prefs'd in this Theorem^ That if a Body revolves 
in a Circle, with a Velocity equal to that w 
quir'd by a Dcfcent thro' a Space, that is.to the 
Diameter of the Circle, as tn to Unity ^ that 
then the Ceatmfugal Force ihall be to that of 
Gravity, as ^m to Unity. 



SC JiO L. I. 

■ • 

Having hinted a certain Mechanic Theorem 
before concerning the Proportion of the Spaces 
defcrib'd by an equable and an uatforfiily acce- 
lerated Motion, in* the fame Time, i thinlc it 
not improper to fubjoin a Ihort lUuftration of it. 
Let the (^antity x isfxprefs Tiriie^ y Velocity^ 
the greateft Time dy the greateft Velocity t ; 
the Two foriUer Quantities Betrrg flowing 
ones, and the lajtter^anding. j F/ora the Na- 
ture of the uniformly acclerate Motion, the 
Vd6dtiesareprjc>pbrtionaltotbeTim^Therc- 

fore x: y::d\: b^.md jc: = -^, and x^ -^jr- 

Alfo in all Motions) wiiatfoever^ the Spaces de- 
fcribed are as the Redangles under the Veloci- 
ties and the Times. Therefore the/ Fluxion 
erf the Space for the ' accelerate Mbfidn, is — 
yx , and that for the equable j^otion is = ^x . 
But the Fluent of h'x is = bx=bdy and the Flu- 

cntof^i(=i^)"is=^^=^f=*^. There 

"^ ^ * ' 2b lb 2 

fore the Spa<;e defbrib'd by the equable Motion 
in the Time d with the Itanding Velocity by is 
double the Space d'efcrib'd by the uniformly 
Accelerate, in the' fame Time^f, with a flowing 
Velocity, the greateft of which Is equal to b 
(the Velocity of tjie uniform Motion.^ And 

From 
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from hence to determine the Proportion of the 
Spaces^ defcrib'd by an «qual^ Motion with 
the Velocity *, and in the Time 4^ £x.£r.^ud 
an unifi>rmly accelerated one tn the Time »J^ 
where n denotes any whole or btxAta Kum* 
ben It is (fttMd tfa« Nature' of ttniibrttly acoe^ 
lerated Mo^a, in which the Spaces ar« asth6 

Squares <rf ib^ Times) d*: h'4^ ; : -^ k — j- 



— s=:the Space defcrib^d .by thea^cflente 
Motion in the Time )frf} tfa^ S»pace del^bd by 
it in the Time ^ beibgcc— ^iif whatwiasAeiMi 
before. So that the Ssopartim Teguked is 
that of bd i — r- , that i^ of i : - * or of ft : im 

univeriallyi which may be exemplified in par- 
ticular Cates at Liberty. 

SC HO L. II. ^ 

Now, to apply this to the former Com- 
parifon between the Centrifu^l force ahd^hat 
of Gravity. Let the .Arch Ahc defcnbed by 
the Body oeTotriaig ina Giricle.wsth an uaifQian 
Motion^ in tilt Time 1^ wd the Liae i 4e- 
fi»bed by its Qefioait wttkai wiftrmly acce- 
lerate Mdticlniii the Time im/; accofidiiq; to 

the lamr part of thefore^iq; S^hUm. Tben 

it 
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is aiu?erfal]y A:k:; i-.m, aod A=— , from 

fugal Force in the Time ^J is =: ~. Suppofc 
(as before at Cor. IL) k=md, thcn^ ^¥^OD 

^^fnm ^ ^j coafcqucntly the Proportion of 

the Spaces defcrib'd by the Centrifugal Force 
in the Time d^ and by the Gravity in the Time 

, . AmtnD ^ * . Am 
nJL IS as ^ ■ : m D, that is as ^ : i, .or as 

4m : tf. Of which more general Proport^n^ 
that at dr. II. is but a particular Cafe, tfi;c^ 
Hvhen the Times are equal, or when )v is eiqual 
to Unity. 
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IftheRi^htLineA^ (FIG- YI,) afdth 

• ' CW'-^e JClgwen in Pdj^ion^ cufoneam- 
; ther in the giwri Angle ^!j, kn^ if tk 
^ight Lines DB^ EC ie driinately. i^jH 
to the Line JE (in another given AngU) 
meeting the Curve in the Points in JS, C\ 
Then fuppojing the Points B,C, to come to 
the Points Ay the Curvilineal Triangles 
ADBy AECyfiall be at lafi in the duflicate 
Ratio of their Homologous Sides. 

FkS drawing the tangent AFG ^ upon the 
Approach of the Points B, C, to A, the 
Ratio of the Tangents AG, AF, the Chords AC, 
A6) and the Arches AC, AB is a Ratio of £* 
quality (by Lemma I.) Therefore the Curvi- 

Uneal Triangles ADB, AEG are at laft comd- 

deat 



i 



dent with the ReaUineal Triangles AOB,A£G) 
but thefe being limilar (by the Hypotheju) are 
in a duplicate Rdtio of their Homologoas Sides 
(by the Elements j) therefore the Curvilineal 
ones are fo too. 

Cor. 

It is evident, that the Spaces which a Body 
(urged by any regular Force) defcribes, are in 
the Beginning of the Motion as the Squares of the 
Times: For if the Times be exprefs'd by 
the Lines AD, AE, and the Velocities in 
thpfe Times by BDy EC, theii (from Mnhur 
nicks) the Spaces {hall be as the Areas ADB, 
AEC} that isj.iq the Beginnings of the Motion, 
as the Squares of the Times' AD,. AE. 
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Ijf 4 Body revolves (F 1 G. VII.) about ^ w- 
tain Center 5, at^d defer ibes a Curve APfly 

. then ifZjPR touches the Curve in P, and 

from My other Points ^be drawn J^R pa^ 

rallel to SP, and J^ perpendicular to the 

fame ; the Centripetal For^eJbaSbe recipro^ 

caffj as the folid — ^j^ — ; taking the Va^ 

lue of it J not where the Points P and Qjvre 
at any fnite Difiance^ but at lafi when the/ 
come together. 

PUT G for Centripetal Force, and T for 
Time. Now, in the indefinitely fmall Fi- 
gure QRPT, the Ufjeola QR, being the genuine 
EfFe<a of the Centripetal Force, will be in a gi- 

vcrii 
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tea Time proportiooal to the Force, (by the 
Second General Lotp of Motion.) But if the 
Force it felf were giyen, the Lineola QKyfonld 
be as the Square of the Time (by the forego- 
ing Lemma} for the Force which draws the 
Body towards the Center S is a regular one, 
and the Space here intended is tot a Finite^ but 
zNafcent Quantity^ which are the Conditions 
that Lemma requires: So that to exprefs it in 
the Ihortelt Terms i if T be given, then CLR 
is as C i and if C be gi^en, then Qllis as T' \ 
therefore neither T nor C being given, QR is in 
the Ratio compounded of both, that is, QR is 

OR 
as CxT*, and confequently C is as — , . But 

the Time is as the jirea (by Theor, I.) that is, 
T is as 1 SP X aT (= the Jrea SPQ.; and i 

S?^QJ is as SP'<QJi fo that C is as-^^^ 
direaiy,that is as ^^ ■ Reciprocally .Q^ED. 

" . ' "'i 

C p R, 

Hence if any Curve be given, and within It 
a Point, to which (as a Center) the Ceatripetal 
Force is direded ^ we may find the Law of the 
Centripetal Force, which makes the Body to 
revolve in thePeripHery of that Curve. In order 
to this, we are to compute the Value of this 

M 3 folid 



SP*^xQJ^ 
f^id Ao ' % according to the Nature of tfie 

* » • ■ 

:Car«e: Some Eicaisples flf jviacfa fcflow. 
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- . . , 1. . . • ' 

^ TioAy revplvwg in the Circumference of 4 
Circle^ His required tofnd the Law of the 

X-: Cenf^^^ i^<^^^ sending to ' a Giwn Point 
in the Circumference, . 

LET P CFIG. Vn.) be the Pkce of the 
Body in the Periphery, SQP A, Q, the next 
Place into which it mbves, and S the Center 
JO which ihe Eorces ai« 4iLre(5^ed, Let PK; be . I 
jperpendicuUr fwOT P tp the Diajraetpr SA,. QT ^ 
jierpendicuUr from Q. to JR, ; tOJ^ paraJlcl to 1 
§P, RP a TangpAt at P m^etiogOJ, produc^cj 
In Z. In ti^e Firft place bf re, t^ Triangles 
^QR, ZTP, SPA af e fiijular. That the Tri- 
fogies ZQR9 ZTp ^re li^ilar is plain, becaufe 
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C^ is parallel tb ' the fios «F:. b; . it¥e iCddft^ 
aion. Again,, ftat the Trjiangles ZTpp ,^py!i, 
are fimilar, ■ is evident, 'i<k the. Angle SPA is; 
a ^Wght one from the Nature. ^of the Cifcl^ 
and tKe Angle !ZTP is a^ght onq by the Cwi% 
Ifcmaibii ;' alio 2P beinig a iTarigent, aqd *si? a 
Ciordv cutting the Circle at P, the Point of 
Contaa, the Angle 2PT is = Angle SAP 
(ftanding upon the Arch SQP). from the £/f- 
ments. Therefore the Angle T2P= Angle PSA, 
and confequently the Triangles arc, fimilar. 
From whence ZP^ : 2T^ : : S Al : SP^' and 
ZPi : ZT5 ; : RB : QJ^ (becaufc of the propor- 
tional Sedion of the Sides ZP and ZT by 
the Parallel QJl i ) therefore RiP<i .: QJ"* : : 
SA*i : SP*i. But RP being a Tangent, and RCLL 
a Secant, cutting it in R, and the Circle in 
Q, therefore (from the Elements) RP*3 zithe 
Rcdangle QRxRL,therefore the Analogy ftands 
thus QRxRL : QJ*i : : SA^ : Sisk\ from whence 

QT"^ =^ ^ vl - ^ A^^ becdufc vrhfcn t)te 

Points Oland I' come togethfer^ tlie LingvRLbe- 
cofflcs^SP,^ thircfort puttiflg SP fpr ^L,^ we 

have Qjq=i ^ . ' - . Now Qby Thte^.Vl^ the 

SP^^QT*! 
Centripetal Force is r^Giprocally aJ ^ — g~=- 

•and we have found the Value of QJ*i in tEe 
proper Terms bf the Cuirvc, therefore multir 

M 4 plying 



is Value of QT^ by — ^ w? have — q, 

^bich is Reciprocally as the Ceotripetal Force 
in ^is Cafe \ that i^ becaufe SA, the DiannB- 
ter, is a given Qgantitji) theCeatripetal Force 
feciprocally as SPS that is the Square-Cnbe 
9f the piltance from the Center S. CLE. I. 

■ ; Fig. p. 
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A Body revolving in tht Circle PiQA (Big. ^.) 

^tii required to find the Law of the Centripe^ 

tal Force tends fijg to k Point S Jo far difia^ 

that aU the Lines y as P6\ RS^ &c. drawn 

to thai Pointy may he efieenpd aafaralkU 

FROM the Center C draw C A, cutting thfe 
(Parallels PS, RS, at Right Angles \ )oia 
the Points C, P, and produce ZT ^ cut CP i» 
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L. Here 2P is a Tangent, as before, and tbc 
Line 2TL at Right Angles to the Parallels PS 
aod RS. Nowr, the Triangles ZRQ, ZPT, 
CPM are fimjlar. For ZT cutting the Paralr 
Ids PS, RS at Right Angles, 'tis plain, that the 
Triangles ZRCL, ZPT are fimiUr. Alfo, be- 
caufe the Angle ZPC is a Right one, and the 
Line PT a Perpendicular from the Right Apr 
gle to the Bafe ZL j therefore the Triangle 
ZPT is fimilar to the Triaagle PTLj ai^d 
fince the Triangle PTL is fimilar to PMC*, 
therefore ZPT and PMC are fimilar. There- 
fore ZPl : ZTi : : CP^ : ?Mi ; but ZP'J : ZT^J : : 
RP^ : QJi (from the proportioinal Seftim of the 
Sides ZP and ZT by the Parallel RCLO there- 
fore RPq : QT' :/ CP^ : JPMJ. But (from the 
Nature of the Grde RP being a Tangent, and 
RQO a Secanf y cutting it io the Point R, and 
the Cijidf: inO) RPs'=ORxQR ', from whence 
^_„ /. RPi ><■ PM\ . :^ QR^ gRH PM I _ ^ 
QJH^ CPh"-"^"- ^pq • ^°' 

when the Points P and CL meet together, OR 
bpcOiOW=:PFiP2PMi therefore potting 2PM 

for OR, we hdvc QTti=: — ——- ^ aiid fo the 

general Formnla — —^ ~ is equal — rrr: — . 

l^OW, the Point S beibg at an infinite Diftancb 
SP is a ftanding Quantity,- and fo is CP the Ra* 
4iw i to that ^viding by the ilanding Quantity 
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-gp-, the|jcpreflionainount<;toPM^ ^Tfaerc- 

fore the Centripetal Forde k tecipfoGally«te the - 

Cube ofthc Ordinate PM. Q^Ertr " - 

. - • ' ' . » • i . • . . , 
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T R O B. V. / 

• ■ J ' • , ■ , i. 

^ Boijf rtvphiffg m the Lqgm^imck ^ 
Prafortiond Sfirdy ''tit required tojmd 
th Law of the Ceftfripetal Force, tindim'ta 
the Center efthe Spird. 

THE NatnreofthisGoffe(F/t?.X.) isfodi^ 
that all the Anj^es,as SP<i, SQtjSLO,^^' 
(which the Rays make with the Curve or Taa- 
^ents at thofe Points) sr^ ftill of the fa^pje 
Magnitude. From whence it follows, that ta- 
'' Jang all the indefinitely finaH Angles aboot th« 
Center S continually equal, that is PSQpC|5L=: 
ISQ^&t. a^ Triaii6icsPSCL,0L,LS6,c5-r. 

arc 
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«re fimiteri and itjieref<»t!e PS :« Q^ ! : QS : SL:: 
/ SL : fiO.^v, 0)afe(iuesnUy the Rays PS^ Qg^ 
^L, t$(r. are in the i^oatiiTDal Gcmiiestrick Pro* 
portiaa, Tbereforefiace Sp : SQ^ : : Sq^: %\^ 
'ii«alfo SP;.$P-.^: : SQ.: SQ^-SL, thatisCdcr 
f:ril)ing the wid^it^y iittJle Arckcs Qa t^ 
Qv^ upon the Xleatcr-S) we have SP ;, P^'.; 
SQ:q} or (wbtdi amounts to the faou;, Ict-r 
ting fall the Perpendiculars ^p LN, OM) 'tis 
6P:,PT :;/fQj<^. So that the i^»r4e PT, 
and QN, ;ire alierays a^ tbeirr eQ?e(3:iy£ Ra^s ^P 
and Q^. . M^y> becaniTe tbe.inde£niteiy fm^U 
Trianglies PCLT, QLN^ C^^ ,ar€alway5iimifar 
(f<»: the Angl^ at P and Q^are e^ual from the. 
Nature of the Curve, and thofe at T and N arc 
Right ones) tliirefore FT : <XT : : QNI i QS^ 
qnd fo PT and Q^I are always proportional ^ 
QJ and L^^. But before Was fliewn, thai 
PT'^nd qN were alwaysr as th?ir refpedive 
Rays Sfe^aad Q? j cherefiM^ alfo t*e LiiHedi 

QT and LN are ^ver ^ thofi? Ray$ SPand Q^ 
]L thop^gbt tbif^ iittle E^i^li^ioi^ci themoA 
common Properties of tihe<>urve5 neceflary tQ 
bepremi^M, mbrderto tb^uiidefftandiflgcnBr 
Great Author's Procefs in the Inventii^of tb« 
Law of the <!Ientripetal force*. Now, let the 
indefinitely finall Angle PS|Q^^e;,giycn or fup- 
pofcd always of the fam EigRefs ^ then ^ 
the Triangle §PR, W<; tte^fle jit Sisal- 
ways the fame, and that at P alfo ever tbf fame 

(f\qm 
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(from the Naturt of tiie Curve) therefore the 
,Arigle atR, viz.. SRP, is ever the faiM. So 
in the Triangle SQJ, fince the Angle at T is 
ever a Right one^ the Angle SQT Ihall always be 
the fame. From hence therefore in theindefi^ 
nitely fmall Figure RQJP, the Angles at P, T 
and R are ftanding, ixA fince the Angle SQT 
was feewn to be fo, then RQJ, the Cofnple* 
ment of SQT to two Right Angles, ftiall be 
of a ftanding Magnitude too. Therefore all 
the Angles of the Figure RQJP, are of a ftand- 
ing Magnitude, and confequentlynhe Species 
of the Figure it felf is ftanding, or always gi* 
Ten. Therefore tht R^tio of the Sides QJ, 

QT 
QS^t vi^L, ^ i^ ^ ftandjng Qgaijity, and fo 

— may be always as i . Confcquently if gb 

QT^ 

be as I, thco (multiplying both by QJ) ™ 

(ball be always as QJ/ But (as wasfhcwn be- 
fore) from the Nature of the Curve^ QJ is as 

QJq ^ 

SP i therefotealfo ^plhajtbcai SP, ther«;fore 

QT^^^--^ (which is reciprocally as the Centrir 

petal Force) ihall be as SP^ Therefore the 
Centripetal Force in this Curve is Reciprocally 
as the Cube of the Diftaace from the Center $• 

Q.E.I. 

P RQ«« 
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P R O B. VI. 

A Boify revolvif^ in an EMiffe, ^tis n^r^d 
to fnd the Ltm of the Centrifetd Force 
ef A Body tending to the Center of that £/- 
/ipfe. 

LET CA, CB, (f /C'. .XI.) be the Seniiaxet 
I of theElliprei GP, DK conjugate Dia- 
meters j PF, 0/ Perpendiculars to thofe Dia- 
meters ; Qy an ordinate Applicatc to the Dia- 
meter GP ; and compleat the Pai^alletQgraia 
0.1/ RP : The Triangles Q.r v, PCF are fimilar, 
for. the Angles at / and F are Right ones by ilhi 
Hyfothefis ; but Qy being parallel to ' CF the 
Angle Q.vf =FCP j therefore Q.rt : Qyi : : PFl : 

PC% and a« =^^^- B«t (fro™ ^'""'^^ 
Sttl.) (^ : Pvxt/G : : CD^ : CPi •, therefore pw 
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~ vG>^CDi ' P«'=Qi^> therefore wc have 
this Value of QR. Therefore in the general Ex- 
preflion for the Centripetal Force, viz., ^^ '^^ 

we Ihall have (by fubftitutiug the Values of 
Qrt and QJl, but now found) this Value, viz. 
Qj^^xPF^ ■pG'< CD^_PFqx CDix vG 

Qvixpci — pcq — • Bot(from 

Conicis) all Porallelograms circumfcrib'd about 
an Ellipfe are equal- to one another j therefore 
CDxPF=BCxGA, and CCHHPFq=BC9xCAS 
and fubftituting BOi x CAi in the Room of 

. €E>PfPF<r,theExpreffioncomes to §?*-^^. 

Bat wbca th9.PoiatsP aad.Q come together, 
then V G is=2PC, fo that then the Expreffioh 

/. .u- . BOixCA^xzPG ,, 
amounts to this, viz.. ___^ gut 

j;BC^xCAa is a ftandiiig QpwtHf^ tlicrefiftfi 

PG t^ 

the Expreffion comes to jp^i ' "' ^' PC ' ^^ ^^^^ 
the Gentripetal' Force is rccipracaili a? ^ 
i.«.<iireaiyra6PC the Difi8nce:fts!intitlici Cm- 
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Hence it follows, that the Centripetal Forci 
is gre^teli: at the gre^elt Diitance from t^t 
Center. 'Tis greater .(£^.^0- in the ExtcD- 
xnity of the loqger Axe>tbanin any other point 
In the Curve of the EHipfe, between that an^ 
th^ |xtrenuty of. theihorter A^e. 

Co R. II. 

At egual Diftanges from either of the princi- 
pal Vertices, the Centripetarforces are eqoal. 
For ibfi Diametet^ or Diftaoces from the Cen- 
t^ (from the NgtUTft of the Etliffi}: arc {o in 
this Cafe. 
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Any Two equal Diameters being taken thus, 
one of one Side the principal Vertex, and the 
other of the other Side j the Conjugates of thefe 
equal Diameters being eqyal alfo, . it's evident, 
that the Sum of the Centripetal Forces in the 
Extremities of one\of thefe Diameters, and 
its Conjugate, fliall beequgl to the Sumof the 
Forces in the Ejrtremitics of the other Disfee- 
ter, and its Coniugate. Ex.gr. Let A be any 
Diameter, a its Conjugate j B a Diameter ta- 
ken oi> the other Side at an equal Diftance from 

the principal Vertex, and confequently equal 

to 



.; 
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to A *, and b its Conjugate, which is therefore 
equal to a^ Let F == the Centripetal Force ia 
A, /= Force in 4, f=ForceinB, and^=Forcc 
in *. Hovt 1 fay, that becaufe A+4=:B^-I', 
therefore F-|y=:H-x. For <by the Law of the 
Centripetal ^ Force found in the laft Problem.) 
'Tis F :/: : A : 4, and ^ : t : : B : b^ from whence 
fince AH-^=:B+fc, alfo F-+/ fhall ='^+t, that 
is, the Sums of the Centripetal Forces in the 
Extremities of each Pair of thcfc Conjugate Dia- 
meters Ihali, be equal. ^ 

Cor. IV. 

* . 

Therefore alfo F-^, or r-Fis=ir— /, or/--T j 
that is, the Difference of the Forces la the Ex- 
tremities of the Diameters A and B, is equal to 
the CMflerence of the Forces in the Extremities 
of their Conjugates * and*. 
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Co R* Vv 

In pipfe? that have the longer Axe common, 
draiaring any Diameter, as AC (FIG. XII.) cut- 
ting the Curves in C and ij the Centripetal 
Force in ^jH fliallbe to the Centripetal Force ia 
G, as A J : AG. Let the Force in B be put =F, 
Force in ^=/, Force inC=^ Then the^^f/a 
of the Force in d to the Force in C is com- 
pounded of the Ratioms of the Force in d to 
that in B, and of the Torce in B to that in G. 

That IS, ^=:^ X-. Bat %== -^, and — = 
9 F 9 F AB' p 

—7 (from the Law of the Centripetal Force 
AG 

iti each Ellipfe) therefore :^-'^'',< —=:i^ 
. \ . V / ^ '"AB'^AC ACi 

fo that/: 9 : : Ad: AC In Two Ellipfes there- 
fore that have the fame Tranfverfc Axe, the 
Centripetal Force (which tends to their com- 
mon Center) is greatell in the exterior Ellipfe. 
And in the Extremities of the Ihorter Axes, 
viz.. in the Points L, O, the Centripetal Fwce^ 
vfi\\ be ^s thofe Axes, viz. as AL : AO j or 
(whidi is all one) drawing any Ordinate, as 
EJN cutting the Ellipfes in E and ^, the 
Forces in thfc.Two Ellipfes will be as di^. 
EN i for ^is AL : AO : : ^N : EN, from ^ 
Nature of the Ellipfe. 

N Cor. 
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C o lu VI. 

SuppofiflgaUasinthelaft CarOay (with its 
^g.) from the Point C in the exterior Ellii^ 
draw the Orduiate CP. Then ihal] the Ra^io of 
the Forces in the Points O and L, be to liie 
Rath of the Eorces in the Points C and ^ as 

VgNhNB: ^GFxPB. Forthe Ratio of the 

AO EN 
forces in the Points O and L is = Tr=5(5t 

by v^hat was fhewn at the latter End of the 

preceding CwroUary. Alfo die Ratkof the Forces 

AC 
in C and d^ ^^ ^Tl) ^7 ^^^ ^^ Ihewnin 

the former Part of the foregoing Cerottary. But 
bjecanfe^N and CP are perpendicular to GB (by 
the Hyfothifs) therefore from the fimilar Tri* 

AC CP 

angles ACP, kd^^ we have T5=^^» from 

CP 

whence-|^ is — the Rath of the Forces in the 

Points C and d. Therefore the Rath of the 

Forces in the Points O and L, is to the Rath of 

EN CP 
the Forces in the PomtsCand^i^ as :;r7: —^ 

Bit ^ : ^ :: EN : CP, and £M4 : CPq:: 
OMxMB : CrxPB (from the Nature of the El- 

Uffi). 
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Ijp fej) cro fcgTOatly EN : CP : : \/gN^NB: 
ygpTpB, froitt whence the Aflcrtion is 
clear. 

S C HO L. 

The Great Aithor has briefly fliewn how this 
Matter may be carried from the Etlipfe to the 
Hyperbola and Parabola^and how the.Law of the 
forces with Re{ped to thofe Curves may be alio 
difcover'd. And here by his neat Application of 
it to the Parabola, he bringsxiut a celebrated 
Theorem of GaHlms. But becauie the young 
Beginners ,in thefe Things may poflibly defire 
a more particular Explication of it, upon their 
Account I Ihallmake the Application to^ thefe 
TwoCurves diftinftly. 
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Fig. 15. 
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P R O B. VII. 

If a Body move$ in the Curve of an Jifper- 
hola, ^tfs required to fnd the Law of the 
Force tending to the Center of the Hjperbok 

'npl S ' evident here in theFirft place, that the 
X Force tending to the Center, is m& 
properly a Centrifugal Force, for the Body 
ftill goes farther and farther from that Point to 
which the Forces are direded. Let (JFIG. XIII.) 
C be the Center of the Hyperbola, CP r a Dia- 
meter, CD its Conjugate, RP a Tangent at P, 
Qy an Ordinate to CP, Q/ and PF Perpendicu- 
lars to the Diameters CP and CD reQ)cdivcly» 
and Rdparallel to 2 v. In a Word, as all the 
Lines drawn here are Analogous to thofe in the 

Scheme for the correipondent Cafe in the £1' 

lipfcj 
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lipfc 5 fo from the Nature of tfiefe Curves will 
all the Reafouings here proceed after the fame 
Manner as there. For here the Triangles PCF 
and Qvt are firailar, becaufe the Angles at F 
and f are Right Ones by , the Hypothefis, and 
the Angle Qv r=:PCF, becaufe Qv is parallel to 

the Conjugate DC. From hence Q;q= ^?^^^^^ 

PC*l 

as before. Alfo (from Conich) Qi/qiGi/xPt':: 
CEM : CPS therefore W = 'g^= QR. 

From whence by Subftitntion of thefe Values 
of Q.^ sod QR in the general Expreffion, viz., 

QtqxPCq . PF^xCD^x^G , 

Q^ > *^ ^^^^5 to ^^5 — , altoge- 
ther as in the Ellipfc. Then fubftituting 
BCq X CA^ for PF^ x CD^ (becaufe BC x CA = 
CDxPF, from Cmichs) and 2 PC for -y G, (when 
the Points P and Q, come together j) Laftly^ 
Dividing by the ftanding (Jpantity iBC^xCA'^, 

the Expreffiqn.copies to pjg. , Tfierefpre the 
Force, with refpeflt to the Point G, is recipror 
cally as — , that is, direa]y as PC, the Di- 
^ancc from the Center. ' Q^ E. L 
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P R O B. VIIL 

}f A Body moves h d Curve if 4 P^ahidf 
^tis required to fni the Lm» of the Centra 
fetdl Force tendi^ to 4 foint infimke^ 
difiiM. 

LET AB (F/IT. XIV.) bctbc Ak 4f the 
Parabola) RP a Taogjent at P meeting the ' 
Axe inC, PM an Ordinate to the Axe^ QS 
and PC lines tending %o [the infinitely di^ 
flant Center^ and thpi]eft>re parallel, and con* 
feqnently ^ Diameters of the Parabola j Q^ an 

Or- 



Ordinate to PS, Qf perpendicular to PS ; 
Laftly, Let QJSbe produced to meet the Tan- 
gent ii^ R. Now, bccanfe of the Cmilar Tri- 
angles PCM, Qjft^ 'tis PC : PM : : CLv ; Cl^ 

and to Q/>:;= ~pct — * ^^^ ^^^ Parameter 
bcioni^ng to the Vertex P be put =R, and the 
Parameter of the Axe =:r, the Abfcifs AM zzx 
Then, from the Nature of the Parabola, we 
have thefe following Equalities ^ viz.. Qffl = 
RxPv,PMterAr, CW^4^^ VQi:=:rx+4xx (be* 
caufe <rf the Refiangular Triangle PCM) Rt= 
r-^-/^ (that is, the Parameter of the Vertex 
P is := the Parameter of the Axe -l- (^adruplc 
the Abfcifs AM;) Thefe Things are plain from 
the Conkk Elements. Now fubitituting thefe 
Values in the Expreflion of Q,t% we find 

^ ^ rx^/^x rx-^-^x "^ rx^^x "" 
?f^^S^=P^Xr Cdixidiilg byrx^^x) 

fo that QjftoPx/xr. Therefore the general Ex- 
pr^fltottofthe Centripetal Force, 'z^ix. '- ^^ ^ 

comes to — qeT"* which is (bccaufe Q.R=i 
pv from Parallels)=:PC*ixr. But r, die Para* 
meter of the Axe^ is a (landing Qpantity, and 
becauie PC is in&wte, therefore PC<i is ever a 
ftanding Qpantity, ^ confequiently the whole 
ficpfeffioo is a ftvidiQgC^iaiitity, ^ th^re^ 
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fore the Centripetal Force (which is reciptx)- 
callyas PCqXr) is in this Cafp equable. And 

^is is GaliU^S Theorem. Q, E L 

Before we proceed to coiifider the Law of 
the Centripetal Force, when it tends to the F^r** 
iof the Omck SeEtions^ 'tis proper to fubjoia 
thofe other Propofitipns that relate to, and de- 
pend up^n this prefent Law, in whicji the Fprcc 
. tpnds to the Center. . 




E >t M A. 



JfryTwompfes.asFIByGOb, (MG. XV.) 
having 4 common Center A, and the Tranf- 
verfe Axes FB, GD, ifi^g in the fame 
Right Line ; the Centripetal Forces (tend' 
ingto the common Center A) jbaUh mthe 
Foints F an4 G, as the Difiances of thofe 
Points from the Center^ viz. as FA : GJ, 
that ity as the Semitranfuerfe Axes. 

FOR upon the lame Traiifverfc FBof the 
outward Ellipfe, poe my SHW dpfcttbc 
another Ellipfp, as FHs wWe Senu?coni«gate 
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AH Aallbe «qaal to AG, the Semitranfirerft of 
the inward Ellipfe. Now in the Ellipfe FH,, 
the Force in F is to that in H, as FA : HA (by 
what h«s been flicwn.) Alfo the Points H and 
G being equally diftant from the Center A, the 
forces in H and G are equal ; therefore the 
Force in F in the Ellipfe FH, is to the Force in 
G in the Ellipfe GO, as fQ; AG (which is 
=:AH :) But the Force in F io the Ellipfe FH, 
is <jqual tothc Forte in F in the Ellipfe FI, fince 
the Point F is common to them both. There- 
fore the Force in F in the Ellipfe Fl, is to the 
Force in.G in the Ellipfe GO, as FG: AG. 
QiE. D. ' . 

T H E O R. VII. 

m 

In all fimiUr EUifjis^ the Times of the Perio^ 
dick Revolutions (performed about the fume 
Center) are equal. 

LET the ElUpfes FIB, GOD, (JPIG. XV. 
foregoing) be conceivd to be fimilar; 
then drawing any Diameter as AC, cutting 
the interior Ellipfe in E, it might cafily be dc- 
monllrated (from the fuppofed Similarity of 
the Figures) that AD : AE : : AB : AC, or that 
AO : AE : : AI : AC; and fo that any other cor- 
refpondent' Diameters are ftiH in thcProporti- 
j:ion of the Axes. Now (the Centripetal Forces 

m 
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in both EHipibtemlii^ to the cominoft Genter 
A) the Force inB fhallbe to that in D^ as AB: 
AD (by the foregoiflg Lemma .*> Therefore alio 
the Force in C (hall be to that in E, as AC : AE, 
that is, as AB: AD^ and fo drawing any o> 
ther IZ^meter, the Centripetal Forces in the 
Two Ellipfes Ihall ftill be in the iame conftant 
Eath of the Semtaxes. But if Two Circles 
^ere defcribM upon the Center A With the 
XaJii AB, AD, the Periodick Times in thoTe 
Circles woQ*d be equal j for the Times are 
eqeal(aswasfliewniQ thtCmrei^igsolTbemrSV.} 
when the Centripetal Forces are diredly as ibc 
Rays, as here they are. And therefore fince 
the Forces are in the i^me Rati0 of thefe Radii 
ABand AD, every where in the Two EUipfes^ 
the Periodick Times in them fball alfo be e*!- 
qual. Q» ¥1. O. 

SC U O I. 

In the Demonftr^tioi} foregoiqg, 'twas afr 

ferted, that the Centripet^ Force in C is to 

that in E, as AC to A£ \ which is thus (hewn* 

The Force in C is to the Force in B,, as AC : AB, 

and the Force in E to that in D, as AE : AD * 

(from the general Law difcover'd «t Pr^fc VI.) 

But, from the Similarity of the Figuresj 'tis AC : 

AB :: AE : AD, therefore Force in C to Force 

in B, as Force in E to Force in D ^ and alter* 

nately, Force in C to Force in E, as Force i^ 

B 
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BtoForceinD; bnt the Force in B and Dare 
(by. the foregoing Lmma) as AB : AD *, that is, 
as AC, AE, therefore the Forces in C and E arc 
^Ub in the iame ^^19 of AC : AE 

Lemma I. 

Puttiffg the parameter (f the Ipnger Axe cf 
the Ettipfe zzL (FIG. .rf Prob.V I.) 

ti$j where the Points P ami j^ cme to^ 
getber. 

FQ^^^PC<i 
OR itwasfoundatth4tPy(?*.that^^:~^ 

y^^ c= '*~Sn — ^ • ?^ (from ComchJ thc 

FC 

ReSangle under the Parameter and the Semi- 

tranfverfe, is eqn^i to twice the Square of the 

Stfmirconjogate, that is, LxCA = iBG^, f|i*m 

^ L>^CA ,^.L>tCA» aBC^CAi 
whcnceBC^=— ^ land fo --^^ =: — gg— 

^ Q/qxpO i ^j^g^^^g (by Reduaion) L :^ 

QR 

QR'^CA' ^' ^ 



Xjf^uk. 



Lemma II- 

• * * 

Suffofing d ds in the foregoing Legnna, (for 
ff^e Qentrifetd Force tending to the Center 
pfthe EBiffi) Ifay^ that the Area defcrilPd 
in a given 'Particle of Time^ fball be jex^ 

frefs^ hy this Jlan^it^ Quantity JL^xq^* 



F 



O R by the preceding Lemma^ L=: ^ ■ . I 

therefoT^fii Q;^xPe=LxQR><CA^^ But in a gi. 
vcn Time, the LineoU QR is ^s the generating 
Centripetal Force (by the Second General Lajp of 
Motion) that is (in this Cafe) as PC, the pi* 
ftance from the Center. Therefore fince QR is 
as PC, then Q/qx PG^ ftall be ^s LxpCxCA% 
and (dividing hy PC) Clr^xpo lh?iU be as 

LxCA^ and Q/XPC as L*xCAt But Q/XPC 
is as the Area defrib'd in a given Time. There- 

fore this Area isds the Quantity L^'xCA'*' 

Q:ED. 

Cor. 

Putting L,/,the Parameters, and iD^id^ the 
Conjugate or fliorter Axes of Two Ellipfes that 
have the fame common Tranfverfc 2CA i then 
the Area*s defcrib'd in thefe Ellipfes in a givcft' 
Time will bp as the Conjugates. For the 

j4rea*s 



C 189 1. ^ 

Artis will be as L^^CAJ: ^kCA*, that is 

(dividing by CA) as L*XCA^ : /*Xca4, that 
is, as 2 D : 2 W ^ for (from Ctnlch) LXCA= 
and 2D% /xCA=2</'. 

T H E o R. vm. 

i 

TheTimesof tke PeriodUk Ravalutions (fer^ 
fotn^d about the fame Center) are equal in 
all EBiffes that hme the fame Tranfverfe 
Axe. 

LET A be tho jirea of one ElHpfe, T the 
Periodick Time, D the fliortcr Axe, N a 
Particle .of: tji^ j4rea defcrib'd in a given Time. 
Let ^be the:^rr#^.of aaothgr ElKpfe, t the Pe*- 
riodick Time, f/tbefhorter Axe, « a Particle 
of the Area defcrib'd in the fame given Time ^ 
and let B be the common Tranfverfe Axe in 
both thefe Ellipfes, Noiy, the j^eas of Two 
Ellipfes are in -the Ratio compounded of the 
Periodick TiJ5ies;.and the Particles of the 
Area^s defcrib^4 together in a given Time. For 
the Periodick Time being the compleat Nnm^ 
ber of thofe Particles of the Area^ that altoge- 
ther compofe the ; whole Area of the Figufe^ 
hence if thofe Particles are equal, the Areih 
would be as the Periodick Times, or i^ tjif^i 
Times were e^ual, the Aretes would be as thofc 
Particles xiefcrib'd. in a given Time ; and there*- , 

fore. 
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fore, oniverf^ripr^king, the 4f^4ti are in 
the ^4tjp coiBpottoded of botiu That is u 
Symbols,A:#::TXN:rx»j thcrcfOFcTu:: 
AKif : «xNi thatts, the Periodick Times ar^ 
as the Ari^s diredly, and the Particles defcrtb'di 
togipther inverfly. Bat th^ EUipfes having their 
longer Axe common, the AttsCs of them are 
diredly as tbeftiorter Axes (vidlich is evident 
from Camck Stlti^sy that i% A: aizUxdi fb 
that now we have T:t:: DXfi td^H. But it 
was (hewn at Cpr. of Lemma IL foregoing, that 
in EUipfes having a common Tranfverfe Ax^ 
the Particles of the AtM^s defcribed in a gtveaf 
Time were alfo as the ihorter Axes direftly v 
thatis, »:N::</:D. Therefore T: *:*• D**' 
: i/x D^ which is a^Ratio of Equality, fo that 
T=r, or the Periodick Times in thefe Ellipfes 
are equal. Q. £• D« 

T H K O R. IX. 

'The Times of the Perhdick RevoUaioM (fer^ 
farnfd about the fame Center) are equat 
m all ESipJis tphatfoever. 

F>R by Thior. Vft. the Times are equal in 
all fimilar Ellipfes V and by Tl&r^.VII. in 
aH that have the fame Tran(Verfe Axe. There- ^ 
%re any Two Ellipfes being given \ how diffi- 
^ar foevcr they are, and how unequal foever 

thdr 
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jtheir Tranfverfc Axes be, yet it may prefently 
be demonftratcd, that the Pcriodick Times in 
them are equal. For (fiG. XV.) Suppofc the 
EUipTes FH aad GO wete propofcd ^ then A 
being their common Center, upon that lame 
Center A^ we may defcribe another Ellipfe^ 
as FI, that (hall be fimllar to the Ellipfe GO^ 
and have the fame Tranfverfe with ,the Elliple 
FH. Then the Periodick Times in GO and FI 
(hall be equal, becaufe they are fimihr, and 
the Times in FH and F| ftall be equal, becanfe 
they have the fame Tranfverfe Axe; therefore 
the Times in the Ellipfes GQ and FH fliall alio 
be equal : So ih^t the Periodick Times in all 
Ellipfes what&ever are eq^al. Ql E. D. 



Theor. 



V 
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f H E 6 R. St. 

if a Body revolvei in in EBipfei and the Cenfrh 
fetal Force tends to the Center of the fame; 
the Velocity in any Point asP (F I G. XV. 
Prob. ) Jballbeexprefs'd by this l^an- 

fif,lL^\ or (which is aU 0ne) Jt^ 

(ball be in the Subduplieate Ratio of the 

Qaarttity -^^^ Reciprocally (the Line PF 

being perpendicular from P, to the Diame^ 
ter CFy rvhkh ts a Conjugate to PC^ 

FOR the Velocity ia a given Time Ihall be 
cxprefs'd by the little Arch PQ, defcrib*d 
in that Time ; that is (fince the little Arch and 
its Tangent are at laft coincident) by the Tan- 
gent PC, or becaufe of the Parallelogram 
ORPf) by the Lineola Qy. But the Triangles 
0« t, PCF being fimilar, the Letieola Qv = 

?S>^ • alfo PCXQt is as the Area defcrib'd 

PF ' 
in a given »Time. But (by Lemma II.) the 
>M defcrib'd in a given Time is exprefs'd by 

L*xCA^ 

UXCA*, therefore Qv is as — pp— i that 



1S1 
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hj the Velocity is la the fubduplicate R4ti0 

•pfq 

t)f —-Reciprocally/ Q. E. D, 

That the Corollaries may be more eafily ap- 
prehended, I fliall premife feme preparatory 
latciT^r^tations of this general Expreffioa of 
the Velocity. In order to whicb> let zD. id 
be the (horter Axes, L* /.jtheParanieters (of the 
longer Axes of any Two Ellipfes) P. p. the 
Perpendiculars from the Centers to the Tan- 
gents •, or, which is all one, the Lines PF, men- 
tioned juftncyv: The general Expreffionnow^ 

L^^BA*^ 
'^*^* — DC — > ^^^ ^'^^^^ ®^^^ compendious 

rr 

Terms comes to - '^ ^l Or ,for one and the 

other Ellipfe. And to determine this to particu- 
lar Points of the Curve iEx.gr.) in the Extremi- 
ties of the longer and Ihorter Axes, we need only 
confider, that in thofe Extremities the Per- 
pendiculars P. f. are coincident iKtth the half 
longer and fliorter Axesthemfelves. Therefore^ 

I. In the Extremity of the fliorter Axe, 
the ExprelCon comes to *\/i>^B. For in this 

Cafe P is=D= to half the fhorter Axe=\/iil5 

t 

_ L^hB* ^ at is plain from the Nature of the 

O EI- 
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EBipfe. Therefore -^ (= — ^) if == 

2. la the Extremity of the loncer Axe, the^ 
ExprelGon comes to L*xB*. For here in this 
Cafe, P is = B = to half the longer Axe, 

3* For a Circle whofe Radiw is =: i the 
ihorter Axe (putting R the RadiHs) the Expref- 
fion of the Velocity comes to y^^K in the 

Terms of the Circle i and to L4xB^ in the 
Terms of the Elliffe. The former part is 
clear : For in the Qrcle L is^iRyB^R^ 

and F=R, therefore ■ _ ■ is = y ^xR. The 
latter part appears, in that R is = D by the /^ 

L^^B*" / 

p9thej!jj that is, R= — —^ and fo Rxy 2 =: 

L*xBl in the Terms of the Ellipfe. 

4. For a Circle whofe Radius is i the longer 
Axe, the Exprcfljon of the Velocity cotnes (as 
before) to V2xR in the Terms of the Circle ; 
and to ^^2^6 in the Terms of the Ellipde. For 
in this Cafe R is =B, and fo \/2XR is ri^a^xft 
Now froi^ hence the followijqg OroSm^^ will 
appear to be very clean 

Cor* 
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C O E. I. 

k iimilar EUipCes, and in Points fimilarlj 
pofited to the principal Vcrtcxcs, the Veloci- 
ties 4^e e^ery wbcre inlbme ftamdiog ^iirfip of 
the longier or ib^rter AKts, <Nr tite Parameters. 

C o R. IL 

In Ellipfes that have the fame Tranfverfe 
Axe, the Velocities are as the fquare Roots of 
the Parameters diredly, and the Perpendicu- 
lars from the common Center to the Tangents 

, .1 ^ 

inverfly. For the Expreffions are — ^ , and 
• rj therefore if B= ky the Velocities in any 

^Two fuch Ellipfes am as— : —• 

C Q R.« IIL 

The Tranfverfe Axe being common, the Ve- 
locities in the Two Ellipfes in the Extremity 
of the Tranfverfe Axe, arc as the Ihorter Axes 
direftty. For in this Cafe B is = k^ and the 
Perpendiculars P. p. do both coincide with B or 

tj therefore the Velocities a^e as L* : i*- But 

becaufe B^^^ therefore L » : /* : : L* '^ B^ : /*x**, 
♦ O a which 



• 
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which Exppreflfons are as the Ihortcr Axcs^f 
therefore, &c. 






c o ft. iv: 



. Suplpofiag all as before, the Vel6cifies in the 
Extremities o£ the ihorter Axes art equal : Fot 
P and p are here^coincident^ with D and dt 
alfo, by the Hyj^efis:^ fi is ^\ therefore the 
Exprcflions of the .Velocities in the Two EI- 

fipfes amount to ^r , aild--7 j that is (putting 

- • . . ..: \P ','. « - '. ; .■ : 

in the. Values of D and^) to ^ — 7 , and 

— — jj — , which are equal, becaufe B=:i. 

•'4 

Cor. V. 

In one and ^ the fame ElUpfe, the Veloci- 
ties are Reciprocally as the Perpendiculars^ 
from the Center; to" the Tangents at any 
Points where the Body is fqpjjpif^ J^o, be. 

For the Expreffiori (the Numerator be- 

ing a ftandiflg.,Qn9ntity, aQd. )(9>nre(|]iedtl^ 

made equal to Unity) comes to — .'^Sbtfiiatthe 

Velocity in the Extrtmity of the* Ihorter Axe 

is to the Velocity in the Extremity iSf the longer 

•Axe, as the longeF A*xe is to the Ihorteft 

Cor. 
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C O R. VI. ^ 

The Velocity in the Extremity of the fcort- 
iBt Axe, is to the Velocity in a Circle at the 
iame Diftadce, as the longer Axe is to the 
Shorter. For (by the firft Prdintinary fore- 
going) the ExprefGon of the Velocity for the 
Extremity of the fliorter Axe is ^/ixfi j and 
(by frelint. III.) that for a Circle whofe7?#irf/«f 
is = ; the fliorter Axe, is VlxB. But y/2^^1 

y L^B : : B: \/ j which Proportion is mani- 

feft, and the Two latter Terttis are the hatf 
longer and fliorter Axes. Therefore, &c: 

C o R. Vff; 

The Velocity in the Extremities of the longer 
Axe,' is to the Velocity in -a Circle at the 
fame Diftance, as the fliortef^ Axe i^ to thd 
longer. Fo^(bythc lATtettm) thcExpreflibn 
for the Extremity of the longer Axe is \/ExB^ 
and (by Prf//i». IV.) that for a Circle* whofe*/?- 
^Sfu\% = half the longer Axe, dimes to ^/i^B, 
thefoiriiier of- which Expreflions is evident- 
ly to the latter, as the'lRbrter^ Axe to the 

f ." , . . * . )'''.i' ' lit ^( »• • ■ 
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O R. viti. 

Cotnpatiiig th^ Accounts of the Tvrxs laft 
tor4tUariis^ it wUl be found^ that, the Exprefiions 
of tb€ Vdocitiesin th^ Ellipfe at the EiBtremit; 
of the ihorter Axe, and irj a Circle whofeT?^^ 
4«i^ is =: half the longer Axe, ^re the fame \ 
and likewife df this Velocity in the Ellipfe at 
(be Extremit jr of the longer Axe, and that, ii) 
a Cirdc whofe Radius \% = half the ftlorter 
Axe, arc the fame, viz,, for the Two former 
V^i^B, and for the Two latter s/v^^ lb that 
tlie Velocities in tfaefe Qrcles, and tbe^PomQ 
of the Ellipfe are equal. ,^ . 

Cor. IX,> 

Two EUipies haviQga common Cea^^ and 
their longer Axes lying in the. iaaie: Rigijtc 
LJney if they are fo prpportioa'd to; eacb o^ 
tber, that the Parameters of the longer Axes 
be reciprocally as thofe Axe^, .then the Velof 
cities in. tl^ Extremity of thc,ft«tter Axe 
fhall be in each Ellipfe, asthelongi^pAxesdi-^ 
feaiy; It mnit be obfcrv'd here, that theft* 
EUipf^s thus proportioa'd to 096. another ihall 
have the fhorter Axe commoa to thea botbf 
For, by the Suppofition, 'tis L : / : : * : 6,^1 from 

wh^Offc LxB = /x*, and fo \/~=\/-^, or 

D-J. 



E 199 ] 

D=s4^ How tbe Es^rcffioasof the Velocities 
in the Extremity of the.lbofter Axe, for each 

EUipfc are --q^» ^hd — r-, that is (potting 

in the Value of D and^ x/zxB, and \/2>^h 
which are as B and b. Thcrefofe, &c. 

COR* X. 

Suppofing all as in the laft Corollary^ the Ve- 
locities in the Extremities of the longer Axes 
are equal to one another : For in this Cafe the 

ExprelBons amount to - ^ , and ■ % > ^ that 

is, to L»^B», and At', or \/lhB and V'^ i 
but thefe Expreflions are equal, becaufe LxB 
is = /Xt, as was (hewn in the laft CoroUary^ 
Therefore, &c, 

COR. XL 

Comparing Corolls. tht jd and 4th with Or<?& 

the 9th and loth, wemayobferve a Parallel 

not unworthy Confideratlon. For (l^ Cor. HI.) 

^e longer Axe beiug common^ the Veloci-* 

^ ties in the Extremities of the longer Axe are as 

' thefliortcr Axes diredly i and (by Or. IX.) the 

^ Ihprter Axe being ifommon, the Velocities in 

^ the Extremity of the Ihorter Axe are as th^ 

|on§er Axes dirc^iy. Again, (bf Or. IV.) fup- 

V , 94 pofing 



s^ 
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pofiog^vMivwis fappofed laQfrAlL thfc Ve- 
locities ij» the ExtrtiDttieSiOf the.ihorter:Ax€% 
are equal j and (by Cor. X.) feppofing what 
was fappctfed in Cor AX* the Velocities in the 
Extremities of the longer Axes are alfq equal 
to one anoUier* 

Cor. XII. 

If Two EUipfes be fo proportion'd to one 
another, that the fhorter Axe of the one be . 
equal to the longer Axe of the other, then the 
Velocity, in the Extremity of the longer Axe 
of the one EUipfe (hall be equal to the , Vc- 
locityinthe Extremity of the ftiorter Axe or 
: the other.- For the Expreffion of the Velocity 
in the Extremity of the longer Axe of one 

Ellipfe is -^ziL^xfi'^ j and that for the Ve- 
locity in the j^xtremity.of. the fhorter Axe 

of the other, is _-l =- ^^* V = ^%y^b. 



(the Semi- conjugate of the one) be= ^ Cthc 
Semi-traufverfe of the other) then 'tis plain, 
^' that theft Expreffions bf the Velocities '«re,;c- 
qual. Or wcmay fay it Will b6 fo, if it be 
L: 2&::^:Bj if the Parameter ofoneEEIipfe 
be to the Tiranfveffe of the 'other/ as the 

Semi- 
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Semi-trwifrerfe of that othcf ta the femir 
tranfvcrfc of the firft. ^ 

Cor. XIII. 

. If the Center of the EUipfe C be imagiaM 
to remove to an infinite Diftance, and fothc 
Ellipfe to change into a Parabola, a Body (hall 
move in the fame with an equable Velocity. 
For in this Cafe all the Qiiantities that enter 

* » » • 

the geoeral ExpreiGon, "viz. — - — , aifeftand- 

ing ones^ the Quantities B and P being both 
infinite, and L being the * Parameter of the 
Axe. Apd here alfo {mutatis mHtandis) one piay 
apply what has been faid in t\\t CproUarUs fore- 
going .of the true Ellipfe to the Parabola, or 
Ellipfe whofe Center is at an infinite Di- 
ftance. § 

Co R. XIV. 

And if this Parabola (by cbaliging the' In- 
cliixatio'n of the Plane cutting the Cone) de- 
generates iflto an Hyperbola, the Body (hall 
move in the fame with a Velocity, which flia^l 
be reciprocally as the Perpendicolac from the 
jCenter tO; tjje Taught, ,as was fliewn for the 

« I prpeeed now to thet Confideration of the 
Juaw ojf t|ie (ileatripetal Forces and Velocities 

of 



cf Bodies^ wbea thoGi twees tre diredcd to 
the Fpci of the fbnick SeBions^ 

P R O B. IX. 

4B4dy revolvmg in 09 Ellipje, (FIG. XL) 
V/V required to find the Ldw of the Centri- 
fetal Force tending to the Focus. 

HERE the LineoU QR is fappofed to be 
, Par^Qel to Sp, fo that QIUP is a Pa- 
rallelogram ; alfo the Lin^oU QX is a Per- 
pendicular to SP, I^F perpendicular to the Con- 
jugate DK i the Points S and H are the fcci^ 
and all the reft as at Proh.Vl. before. It mull be 
premifed before wis proceed to the Inveftiga- 
tioh with the admirable Author, that EP (cut 
off by CD, the Conjugate to PG) is equal to 
AC, half the longer A^. For drawing IH 
from the qthef Feem ^ parallel to DC, we 
have SC =:CH from the Nature of the Feci, 
^nd ES EI, becaufe of die Parallels EC and IH, 
Again, fince $P =^ {P-^iEI, and confequently 
«H-EI (that is EP) =SP-EI j 'tis plain, that 

SP-EHlP-^-E L SH-iP „ , , . 

EP=:- — — ^ =:?- . But now, from 

Onkk S^aiens^ the Al^s BP2, IPR, are % 
^aal, and therefore their Alternates PHI, PIH 
are equal alfo (for IH parallel to DK, by the 
Hyfofhifis^ is parallel alfo to the TangeptPZ 

.at 



at ttte' MM > 'of tb<i ^kHieter PGr ^i«ig^ 
£60K.) THcfaftii-c fl:iPH, aAdconft^attiU 

Cmci^ Se^onsy ig equal tO CA, which is baH 
the fopger Axe of the Ellipft. This premifed^ 
wh proceekJ to the Wvfeftigatteitf df the Law 
ibf the CenfilpfetiM; F<iK*. • ^'' \'- 

life Tri«n8lfeSQ.T*V PPE *rt itfliilaT'tfi* t!fe 
Hd^eft T ^ -t'm R^fir oi^, sihd Atiglb 
*.= Angle E, becaufe of the-Parsfilels-^jmd 

DF) fo that QT'J = —^"l* flni:ftoin the 

CA^ 

fimilar Triangles ?xv, PEC, 'tis QB- (=P*) 
p A = — pQ~~» becaufe EP=CA. Tberefiire 

x,..c L^: .■ spqxQj q sP'ixQyqxPFixpa 

hy SMbJtnMtu,n Qg- -= p^TcA^ 

But, from Gw<V* Sfa/<wf,PCS : CDi : : Gi/^x Pt^: 

. _ GvXPv X GDI .^ 
Qyfl, confeqnently Qjfl = -p; ; alto 

when the Points P and O come together, 0^= 

Qz/, therefore inftead of Qy% putting in this , 

Value of Qyi in the foregoing Expteffion, it 

■ ^. . . PSixQt/5<PvXCI>ixPF<ixPG 
comes to this, t.,^ P,^CA>xPU ^ 

•$PJxGt/XCD'>J<PF» SP^x2CD'»xpFq , 
^ CA'XPC "■ CA' » 

iBa»i(e«Ti^eii the Points Pand Q. come together, 

'■•■ Gv=2PC. 
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Gv = 2 PC, Bat horn Gmkh iCOg k Pf^ s 

2BCi^CAS therefore tjieExprelBpn copies $9 

SPnxiBCqxCAi SPiX2BC'i ^^ , 
tbi$,viz.« p^) ' " = — qJ — zjSP^xL. 



(becaufeL = 



CA' 

« 

— — ) fo that the Centripetal 

• » ■ . ■ ■ 

Force, which comes to this fxpreffipa SP^)<Jl^ 
dividing by L, a Handing Qiiaatity^ beiog t^^ 
Barametei: of the Axe) is reciprocally ^v^Spi 
thatis> as the Squat? of tbjc PUtaace^JlTpm 



* •«• > ' 



Fig. 16' 
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P K O B. 



P it 6 B. IX; 



J Body ttfifolvffgifi an J^ferf^o^a^^ J^is r^- 
quir^i to find the Law of the Centripef^ 
-'■ 'Force tending to the^Vocus. 



« -« • - • • < 



HERE^C and CB QFlG/XViy > the 
Semiaxes;^ PG,' KD Two Diameters con- 

jogate to cadi^ oljljer, Of ajid PF Pcrpeadeco- 
lars to' thoft ll)iaD[iet^f3 rcfp^iVely, ' (^ aa 
pifdihate to PG*' iThe Points S and H are the 
p£>W, an<l froffl ^i^ drawn SJP, cuttihg^the 
iDiameter DK in E, and the Ordinate Qp in 
Xy and the Figure (^?x is fuppoled to be a 
Parallelogram. All the reft as before in the 
'felHpfe^' and other Ffgiifes drawn for the fame 
Ihirpofe. Now, it muft be premifed here 
alfo, that the Line EP (cut off by KD, the 
Conjugate to PG> is :£=-AC, the Semi*tn«if?crfe 
Axe: For drawing HI from the other FocmH^ 
parallel to DC, we have SC=CH from the Na- 
ture of the Foii ^ alfo ES is EI, becaufe of the 
iParallclsEC and IH. Farther, fince 2EI =. 
SPH-IP, and EI-SP (=EP) ^ IP-EI i 'tis evi- 

'a . .u '. i:i> • IP-EH^EI^-SP IP-SP * 
^ent;, that EP is = :; = — :; — 

But now, from Conick StUhns, the Angles IPZ 
and HPR are eqnal, and confequently their 
Alternates HIP, IHP are equal alfo (for IH pa. 

raUel 



rallel to the Diameter DK, by the Hyfothefis, 
is parallel alfp t9 the Jajigajt P2 at tiie P 
of the Diajacter PC, Conjugate to DK.) 

Therefore PH = H, andfo £J>=' — T" »^s = 

^" "" * , which (frpoiCSi|i«cjt,S(i#ay) i^Jl^wn 

to b? eqjiijl to CA, which is thp Sccii-trant- 
verfe A??- This prenufed, ' all the Ste*- ijf 
the following Procefs are fo perfectly rtfie 
H^me with thefe in the Elliirfe, bath, as tp 
:|hf Sabftitotions, and the Order and Depen,- 
jjendapqe pf <wie Step upon |notiiei:, that I 
need ^01 m»kp the tedious Repetition, but le^vp 
thf ifldiiftrifias Reader to draw it out him- 
9AU wjiich he cannot niifs of doing, nnder- 
fta^tag but; the cafie Procefs w the foregoing 
PrdiUm. Ap4 ^ Conclofion here will be,, as 
there, that the Qeatripetal Force is R^cipro- 
«ay, .99 %P% that is the Squaf ? of the piJBancf 



L I jH m,a< 
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Lemma I. (Probi) 

> 

I» the Psrahola^ atsy Vertex (or Point thr^ 
which the D,i4meter faffes) hijsfg given f ta 
fn4 the Brqfortion the Parameter belong'- 
ix^to that Vertex hears to the Dijianee of 
thefivm Vertex from the Focus. 

LET (JSIG. 4CVIL) AO be the Axe of the 
PaarabQla, PQ aa Ordinals, S the Tewsm^ 
from which i^drawA Sp tp thePdtat P, aaii 
thro', the fame the Diameter YPG. Let PM 
touch the Curve at P, and AG be drawa pa-. 
raUel to PM. 

Xj^h^Oz:^. AG=/. SP=i?:.^EF:»?i..Parajpe^r 
of the Axe = /. Parameter .of the Diameter 
PG=:P. The Figure AMPG \% a Parallelogram, 
fi>r PG is a Diameter, and therefore parallel 

• to 
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to AO, and AG is, ly t\it Hyfothefis^ paral- 
lel to PM. Therefore fiacc MA is — AO 
(from the Nature of the Parabola) PG, which 
is= MA (from Parallels) is alfo= AO j fo that 
PG=a: i alfo PM (from Parallels) is = s. And 
bccaufe 'tis a known Property of this Curve, 
that AS or m is = ; f^ therefore SO = «— if. 
Now, from the Rcftangular Triangle PMO^ 
we have / =4Af' +>>=4^' A-pxzuVx (for AG is 
an Ordinate to the Diameter PG) from whence 
P=:4jH*"P- Again, from the Reftangular Tri- 

angle SPO, we^ have:Z.';=j!y^h^4f^l^*^-— 

ff=s: -f'^\-xx ^- ^fy (putting in^fo^^>JAits Va- 

)tie/>*) coofcquently «,=*-|-;/>. Biif P wjis found 
==4«47, therefore P=4C. Tbdtl^ the Para- 
meter belonging to Diemeter PG, is Qjjadru- 
ple of PS, the Diftancc from the ' VtK-tex to 

theF«rw. Qs £• ^ 
The Refult tvill be foiiiKl Ifce &me, if the 

Ordinate PO be taken on the other ^i the 

Iww Si fo'that SOiAftead of *• — j p, becomes 



, /w k ^ 



Con. 



• 1 • > 



ft' Is plain, that PS is =MS, for eadi is 
ea=*4-;f i and therefore alfo the Parameter p 
18 jQlWdruple of MS. 



LlUMA 
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L £ M M A II. * (Prob.) 

Iff the foreg^ng Figure the Line SN being 

d Perfendicular from the Focus S to the 
Tangent PMj ^tis reqairU tofifldthe Pro- 
fort ion of SP (the Diftancefrom tie Focus 
to the Point ofContaSi P) to the Perfen- 
dicular SN. 

ALL the other Symbols itaadiog as before^ 
let SN=/: By the CoroBary of the fore- 
going Lemma^ it appears, that PS=MS9 from 
whence it follows that PN=MN, or PN=:4 PM, 
or PN^r: i PM^ = I px-\-xx. Therefore from 
the Redangular Triangle SNP, we have f* := 

x'^^^rp--ipx''xx=ipx+^ff. So 

that * •+ 4 /> :/: :/: i h ^^at is,/(the Pcrpen-' 
dicular from the Focm to the Tangent) is a 
mean Proprotional between the Qpantities x-^i^ 
f and % py that is between the Diftances of the 
Point of Contad, and of the principal Vertex 
from the Feau^ or in other Terms, that AS 
SR::SH;SP. Q,E.h 



Cor, 



I — 
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Cor. 

Hence becaufe of \ f , or AS a f£andiog Qpan' 
tity, A w SNS is always a» *-+^ p, or SP*. 
that is, the EXftatice from the Feeus PS is ever 
as the Square (tf the Perpeaticvlar from the 
Foctu to the Tangent. 

P R O B. XI. 

A Body revohif$g imaParahla^ ^tis required 
to find the LatP of the Centrifetd Force tend^ 
4ng to the Focus. 

Tti E reft of the ConfiniSion remaiiuogas 
in the foregoing Lentma^ let QR be pa* 
rallel to SP^ QT perpendicular to the faeic^ 
Qy parallel to the Tangent PM, cutting SP in 
Xy and YPG in v. Before I proceed to tlie In- 
veftigation, *tis accefiary to premife^ that Pv 
is Pat, which is thusprov'd. The Angle «PMS 
(= MPY, as being Alternates) is = Angle Pv;r^ 
becaufe of the Parallels MS and PG ^ aUb 
the Angle v?x h- FSM, becaii& of ^ral« 
lels. Therefore the Triangles MPS and ¥^ 
arelimilar, and fo MS: SP::Pa;:Pvj but%y 
Cor..o{LemmaL foregoing, PS is = MS j there- 
fore ?x=,?v. This premifed, let the Parame^ 
ter of the Diameter PG be call'd U Thea 

(from 
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(from the Nature of the Parabola) L^Pv-Qsi"^ 
c;4SP^P*» (bccaufe Lr:4SP, by, Lemtna I. fore- 
gpiag)=4SP^P4f (beca^fe[Pt; = P;r, as was juft 
now ihewn) = 4 SP^QR (becaufe the Figure 
QRPa: is a Parallelogram, by the Gonftrudion.) 
But when the Points P and Q, come together, 
the Lincola Qv will be coincidf nt with or equal 
to Q^i therefore in that Cafe Qjc^ fiiall == 
fSP><QR. JU/fy, Bccaufe f he Triangles QjfT, 
$P£4 are fimilar ffor the ^Aag^es QJxy a«4 
SfcJP are Rig|ht one^^ and QArT=NPS from Pa^ 
railds (tjiei:eft)re Qx^ : QT^ 2 : PS^ : SN^ j but 
(by Lemma 11. foregoing) 'tis P$ ; SN : : S)^ : 
AS, and confequeatly PSl: St?^:: PS: ASj 
therefore (by Equality of Proportion) Qjf^ : 
QJq:: PS: AS, and (multiplying PS and AS 
by4 QR)'tisQjp«i:QTq::4SP^QR: 4AS^QR. 
But (^q=4PSxQR i therefore QJq=4ASxQR. 
Therefore fubftituting this Value of QT^ in 

^ SPqxQTl . 
the general Expreflion ^^ , it amounts to 

SP^^4AS, and 4 AS being = the Parameter of 
the Axe, and fo a ftanding Quantity, it comes 
toSpi. So that the Centripetal Force is Reci- 
procally as SPq ; that is, as the Square of the 
Diftiate from the Fochs. Q. E. h 



[f 2 Co- 
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Cor OLA KiES to the freceding Pro- 
blems comer nif^ the Law of the Centric 
petal Force tending to the Foci of the 

Conick Sections. 

Cor, I. 

It follows, that if a Body move$ from any 
Place, as P, and is drawn by a Centripetal 
Force Reciprocally, proportional to the Square 
of the Diltance from the Center to which thofe 
Forces are direded ^ that then it moves in a 
Comcik SelHon^ whofe Foeut is coincident with 
that Center. 

Cor. II. 

And if the Velocity with which the Body 
goes out of the Place P be fuch, that while 
the Lineola PR is defcribed by it, the Centripe- 
tal Force carries it thro' the LineoU QR in 
the fame Time, then it moves in a Conkh 

Seaiort^ whofe Parameter is = ^^r-, when the 

Points P and Q^ come together. 

And, with refped to the particular StBions^ 
from the Law found we may infer. 

Cor. 



t 



\ 




E D 



Cor, in. 

Thatif TwoEllipfes^asFBA, ECA(f/G. iS.) 
have their Vertex A, and oa<e JFochs (as the 
Point D) common to them both, that then 
the Centripetal Force in C (hall be to that in 
B (the FocHs D being the Center of the Forces^ 
as BDq : DC^. For putting the Force in At=F, 
that in C=/, that in B = ^; 'tis plain, that 
/ / F . / ADq . F BD^ ^ 

fore ^=::kf:-» ^^^ f^/ • ^ • • ^^^ • CD^. 

That the Two Ellipfes may be fuch as is re- 
quired, the Lines FD, ED muft be in the dur 
plicate Ratio of the fhorter Axes, the Mention 
of which is fulEcientr 

Cor. IV. 

In the Parabola, the Centripetal' Forces are 
Reciprocally, as the Squares of the Faranie-i 
ter of the Axe encreafed by Quadruple the 
^bfcifs (taken in the Axe) for an^ Point'of 
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the Curve. That is (in the Tcrajg oF Letttma I 
foregoing) the Centripetal Forces are Recipro- 
cally as i6xx^Spx-^ff. Which is manifeft, bc- 
caufe by the Law found, the Centripetal Force 
is Reciprocally as the Square of the Diftancc 
from the Foctts:^^ but (oy the foremention'd 
Lemma) the Expreffion of any . Diftance from 
the Focus is AH-4 f. Thcirefore, &c. 

'Tis alfo equally true, that the Centripetal 
Forces are Reciprocally as the Scares of the 
Parameters belonging to the feveral Vertices, 
or Points where the Body is. For tbbfe Para- 
meters are Quadruple the refpeaive Diftances 
from the Fochs. 

SC H b L. 

The Law of the Ceatripctal Force tehdiog 
to the tocMs of the EUipfe being difcoverVI, the 
Application may eaiily be made to the reft of 
the Conick SeiHons without a particalar Inve- 
ftigation, as the celebrated Author bimfclf 
pbferves. (See FIG. XI.) 

If the FecHs S of the Ellipfe to wl^ch tfa? 
Centripetal Force tends, continues together 
with the Vertex B, while tlie other Focm H 
removes to an infinite Diftance, the EIlip(cnow 
. is converted intp a Parabola i but the Body will 
ftiU mov€ intoa Perimeter of this Curve, «id 
the Law of ^e-Centrip«ta|- |orc? tending to 

the 
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the Bern S continues what it was before, viz.. 
Reciprocally as the Scjnare of the Diftance 
fton S» 

Soppofiag all as before, if the F^icjvi I) moves 
backwards, fo as to come •behind the Vertex 
B, both the Vertices A and B, lying now be- 
tween the Foci S and. H, the ElHpfe becomes 
an Hyperbola, and the Pody moving in the 
Perimeter of this Curve, t^e Law of the Force 
tending to the Fin^ $ continues the fame as 

at firft, 

« 

If the Focus H and Vertex A be fuppofcd 
fix^d, and S, to which the forces tend, removes 
to an infinite. Diftance, the£flipfe is changed 
into a Parabola, and the Forces ttidding' to a 
Point iqifiQitely diftant are all equal. 

The FccM H and Vertex A continuing, if 
the FocHs S,: tot which the Forces tend, moves 
baickw^rds, as inCafi Ih then we have an Hyr 
peijbola again, in the Periphery of which the 
Body ihall ftrll move, but Whh a Centrifugal 
Epr^e (inft^ of ^ Centrip^t^^}) which fliaH be 
accord^n^ tP the ejltablifli'd Law, fleciprocally 
as the Square of the Di|lance from S. 

If the Two Foci S, H come together, the 
Etlipfe lieooBftes a Circle, and tti^ Force tend^ 
.|i^ to tlie Center is equable. 



If the Foci S, H coincide with the Vertices 
B, A, the EUipfe degenerates into a Right 
Line^ in which Cafe there's do Centripetal 
Force tending to any Point without %h^ Line 

itfelf, ■ 

• ■ . 

T H E O R* XI. 

Bodies revahifig about a comimn Center^ 

4nd the Cehtrjf^ai Force bewg in a Re^ 

ufroeal duptiidte Ratio (f ihe Difidmes 

from the Center ; then the Latera Re£l:a 

of the Orbs defcrib'^d fflfd be in the d^li- 

, 4ate Ratio, of the AreaV which the Bodies 
dejcribe -in the ft^ Tim^ h ^^^ d}rmf$ 
to thst^Center. . 

Pp R (by Car. II. of Frcb.Xl) L=^ i but 

QR in a giren Time is as the Centripetal Force 
(by the Second Loan of M^ion) that is, as SPq 

Reciprocally (by Pr^i^.IX.) Therefor?^^ |s 

asQT^SP*^, that is, LisasQT^P^; but the 
y«rr4 is as QjxSP. Ergo^ &c Q, E D. 

Con* 

The wholp Areas of EUipfes are in the 

Katie compounded of the % Ratio of the Latexa 

Retla^ and the Ratio of the Periodicfk Time^ 

For 
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For thofe Are^s art in the Ratio compounded 
of the Ratio of t"he Portions defcribM in the 
fame Time, and that of the Periodick Times : 
But by this Prop, thofe Portions are in the fubdu- 
plicate Ratio of the Latera ReEla. Therefore, ©'r. 
And fince (by Prof. 191. of Gregory St. Fin- 
tent) the Area^s of EUipfes are as the Redan- 
gles under their Axes, it's certain, that thofe 
Rectangles are alfo in the fame Ratio. 

T H E O R* XII. 

Suffofwg oB as before^ the Periodick Times in 
EJliffes are i» the i (the SefqttiplicateJ Ratio 
of the Tranfverfe Axes. 

• • > 

FO R reaflbming the Symbols as in Theor. 8. 
we find that T: ^:: AX;?:^xNi but 
A\a:' D^B : d^b (by the foremention'd Theor* 
of St. yincem) therefore T: t : : D>^B^;i : ^^t><N. 

But D : 4f :: L» x B* : /* x fc*, from Conicis ; 

and » ; N 5; i^ : L% by tl\c foregoing Theorem^ 

therefore T : / tiX^^B^xB xh /*xfc*xfcx l*» 

that is (dividing Jiy L*"/*; T : * : : B^ :*».The 
Periodick Times ia EUipfes arc ii^ the Sef^i- 
.piic^te ^^if^fifii^ Tranfverfe ;^9s, Q. E. p. 






* ■ » • 



Con. 
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Cor. 

The Poriodick Times in EUipfes are the 

fame with tbofe in Circlet;, whofe Diameters 

are equal to the longer Axes. Eor by the 

Converfe of Cafe IV. from the CdroOarUs of 

The^. III. this Proportion of the Squares of 

the Times and the Cubes of the Rays belongs 

to Circles, when the Law of the Centripe* 

tal] Force is the Jame that 'tis here, viz.* 
Reciprocally as the Square of the DUlance 

irom the Center to which the Amtc^s ate di-^ 

T H E O K. XIIL 

The Cefftrififdl force tmdk^ tp thi FocQS, 
as htf^rt \ PR bting a TMgeitP i$ P, the 
FUce cf the Eddy^ Mi ST 4 Perfe^dicuUr 
from thi Focus to it^ the Velocity cf the 

Body hi V fid be in «&/; Ratio cf^ 
; ReeifroeaBj, (See FIG. XI.) 

• « • . • # * y * 

■T?»OR the Vefochy is ii the little Ark^ 
Jt? defcriVt^in d ^tren ^ime ; that is, as the 
Tangent PR, or becanfe of Parallels, as Qgi* 

But, from iimilar Triaogles, QJx, SYP, Q»t 

or 
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SP^0*1* 
or M Ei — CY i therefore PQ. is as SY Red- 

prtttally, and SPxQJ difedly -, that is, as SY 
Reciprocally, and the Arui defcrib'd in a givwt 
'tline direaiy \ but <by Thtin. XI.) SP^^Qji 

is as L, therefore PQ. is as-^-, that is, in the 
hRMtooi— Reciprocally* Q.ED. 

I 

lo order to the laVeftigatioa of tbe many 
noble Cvr^Utw tbac follow frMd tbtsTibi^isib, 
let theft perpetual Sjrmbols flaad. 

SF (the Diftaflcfe from the Faeui to any Pofnt 
in the Curvip = z.. SY (the Perpendicular from 
thfeft<^to tJie Tangent at *hefameftjint)r:y. 
The Velocity in a ConickSflhion attheDiflattcc 
X, put = V. the Velocity in a Circle at the 
fame Diftance z.^ put.= W:^ The Velocity in 
a Circle (whofe Radifu is equal to any other 
pittance,, whether greater or lefs than z) put 
zz IV. ' ^The^lDtiger^Axi of ahy-EUipfeput 
= 2B, the fliqiter =; aO, thePurameter i=.Li 
and this^ $yjBh«^l. I ufe ^ for the Farameicer' 
of any Conick .Stfim iai^euerd, las -tte Ooto- 
fjojj r?qui^^. 



Now 
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Mow then, the ExprdGon of the Velocity in a 
Oniek SeBiM (at aoy Diftaace as O is — -, that 



L* 



y 

Exprcf- 



y 

fion of the Velocity in a , Qrcle at the Di- 
ftance «. wou'd be ^. For the Radiw be- 
ing = ;c, then L in the Circle is = zz^ or the 
Diameter ^ and jf the Perpendicular from the 
jhcMs to the Tangent, being in the Circle = 
the RoMut^ that is = z.: Hence in the Terms 

of the Qrde -- is J^-, or )L- -- =-^ 

So that then W is as the Eicpreflion 'V^ or y — 
' Now for the Gntottdries themfelves. 

V 

C o R. L 

L* 

Becaufe V is as — , therefore L^ is as V>, 

, and L is as Vy . That is, the Parameters of 
the Orbs are in the Ratio compounded df the 
duplicate Ratio of the Velocities, and the du- 
plicate Ratio of ^he Perpendiculars from the 
facw to the Tangents. ^ 
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I 

C o K. IL 

When the Quantity y (in the Expreffion of 
the Velocity) becomes coincident with the 
greateft or lealt Diftance from the Vocm \ 'tis 
mamfeft then, that in thole Points of greateft 
or leafl: Diltance, the Velocities are as thole 
Diltances inverfly, and the fquare Roots of 
the Parameters dire&ly. 



Cor. IIL 

Becaufe V is as -r-, andWas-^, 

y ^* 



therefore 



\l y-zix. (which cannot be but when z. denotes 
the greatefl: or leaft Diftance) then the Expref- 

L^ \l% • . . * 

fions arc — , and ^ \ which (mnltiplying both 

by «.*) comes to L«^ and \jx xz^, or ^L, and 

^/Hj fothatV:W::^L:^2l. Thatis, 
the Velocity in a Cmick SeB^im^ at the great- 
eft or leaft Diftance from the f9cm^ is to the 
Velocity in a Circle at the fame Diftance, in 
the fubduplic^te Ratio oi-^^ Parameter to that 
Diftance doubled. 



CoK. 
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Cor, IV. 

Let jr = D tfa« (bortcr SetniaxiP of laa gUipfe, 
thea tKe Expre0ioa of the Velocity for ao EUipfp 
at the Extremity of the Ihorter A^e, that is, at 

the mean Distance from the Fpcms^ is g=:LL'~'t 
L^xB; ^yS. AndtheExpreOionforthear* 

de (being in general ■^) copies (if x be put= 
g) j<> \Li. So that in this Cafe V is= W, fince 



the Values of both 'are the fime. That is, 
the Velocities of Bodies (revolving in EBipfes) 
at the mean Diftaaces from the common Focusy 
ace equal to the Velocitiesk Qrcjcsat the fagie 
IMftances. 

C O R. V. 

) 

rSiqceVj* always as -, thetpfore wh«e L 

icontUttcs ftiU i*cjame> V is.sis-r-. TMtis, 

in the fame, or equal Figutcs^or in unequal 
Figures whqfe Parameters arc equal, the Velo- 
city is Reciprocally as the Perpendicular from 
tbeAcm to the Tangent. 

Cor. 
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Cor. VI. 

The Exprcffion — ', in the Parabola comes to 

--J, bccaufc (by Cor. to UmmA IL forgoing) the 

Perpendicular from the Focus to the Tangent, 
viz.. y is ever in the fubduplicate Ratio of z., the 
Diftance from the Focus to the Point of Coa- 
tad. Or becanfe in ipeaJdn^ of one and the 
£ime Figure^ L is a ftanding Qpantity, ther&* 

fore V is ever as ~i. That is, in the Parabola 

x» 

the Velocities ait in the iubduplicate Rsnio of 
tike Diftances from the Focus Reciprocally. In 
the Hyperbola they will be in more than this 
Rsuio^ and in the Etlipfe in lefs ^ the Reafon 
of which is the different Proportion of the 
Perpendiculars to the Diftances in thoTe 
Corves. 

C o R^ VII. 

The Exprefiibn for any Conic\ SelHon being 
^. and that for a Qrcle (whofe Madim is 

5= X.) being xf j 'tis plain then (whatever Di- 

ftaftce ^ reprefents, whether equal to that in 

the 
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the Conick Settion^ or greater or lefs than it) 
that the Velocities arc as — - j*^ that is, as 

L»^J: Vix^, or as y/h^z.: yjTfy^ that is, 

as VfEx^- >• Now ^/fExT is a mean Pro* 
portional between ; the Parameter of the Co^ 
ni$k SelHon, and z the Radius or Diftance in 
the Circle. So that this general Conclniion is 
to be inferrM, that the Velocity in a Omick 
S^icn at any Diftance from the Focus^ is to the 
Velocity in a Circle at miy other Diftance (or 
whofe Radi$u is ^ to aty other Diftance from 
the FocHs) as a mean Proportional between that 
other Diftance ot Radius^ and half the Parame* 
ter, is to a Perpendicular drawn from the 
Focfn to the Tangent at the Pointof EMftance in 
the Conick ^^^ That is, x, being the Di- 
ftance ii^0^i''%l»iw*^j a Circle, in which the 
Velocity is exprcfeM by ip, and V being the 
Velocity in a Conick SeHion at any Diftance, 
equal orjintqual to the former j the Conclu- 

fion in our Symbols ftands thus,V : ip : : %f%x^z. : 
J. Now, from this general Conclufion, all 
that relates to the Proportion of the Veloci- 
ties in Conick SeHions and Circles, may eafily 
and naturally be inferred. ^ 



As, 



L<u 
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As, 1. If z,, or the Radius of the Circle, be 
eqoal to the Diftancc (from the Focus) in the 
Conick Seftion •, then it follows, thkt the Vetod- 
ty in a Cofiick SeBitm is to the Velocity in a C\r» 
dt at the fam^Dffiancei as a mean Proportional 
between that fame Difianct (or Radiw) and i 
the Parameter, to a PerpendicDlar from the 
ft««, to the Tangent at the Point of Diftance 
in the C&nick SeSHon. This holds ia all the Conick 
SeBions. But the reft that follow, all except one, 
'referring particularly to the Parabola, I note 
here, that in this Curve the Expreffion of the 
* Diftance from the Fochs to any Point in the 
Curve is = i L-Kv (;v being the corref];)ondent 
Abfcife ;) a^alfo, that the Quantity ^, the Per- 
pendicular from the Foeta to the Tangent at any 

Point, is y -LH-^L^i both which are plain 

from the CakuUu in the 2d Lemma to Prob. XL 
Therefore to proceed, 

2. In the Parabola, if we put ;:. = ^ L+at ^ 
then Lz. = i V-^hx ^ but j^;' = j^ L' •+■ 4 Lv, 

thertfore in this Cafe hz.zz/yfy^ and i L«. : jfy : : 

a: I, afld\/4L^: y::%/^i i, ovV iwiiy/zi 

I. That 1$> the Velocity in a Parabola at any 

Diftaocrirom the Bcm^ is to the Velocity in a 

Qrcle at the fame Difiance^ as y 2 : i. iN&rr, 

T lay, at the fame Diftance in the Parabola. 

for. here iL4 Aris put =:to z,, the Radiw of 

tke Circle. • 

^ O 3- If 
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3. If in the Parabola wc put«.=:jf=^ L : Then! 

s/hTI :yM \/x : i, and coafeqnently V : ip ?: 
^J^ : I, in this Cafe alfo. That is, the Velo- 
city in a Parabola at the leaSi Difiance fiotn the 
Foots is to the Velocity in a Circle at t\iQ fame 
Di fiance^ as *\/x : i . Note again here, 1. fay, 
the Uafi Di fiance}, becaufe 'tis put = to 5, of the 
Parameter, or becanfe the Diftance is fuppofed 
to be coincident with the Perpendicular frorai 
the Foc$u to the Tangent, which cannot be but 
^hen 'tis the lealt. Alfo ;l, the Radius of the 
Grcle, is here foppofed equal to the Diftance 
in the SeHion. 

4. In any Conick SeBicn^ if we put ^. = i L : 

Then V^J-^ = * ^ y confequently \/¥Lk :y : : 
}h:yy ovVzwiiiLiy. That isj the Veloci- 
ty any where in a Comd SeElton^ is to the Velo- 
city in a Circle at the Diftance off the Para- 
meter, as fthe Parameter is to a Perpendicu- 
lar froiji the Focfu to the Tangent at the Point of 
Diftance in the Cowck Seiliont This ii gene- 
ral for all the Conick SeElions^ there being no- 
thing fuppofed in the Caloilns that does reftrain 
or limit the Property to any one Particular. • 

5. If in the Parabola wcfiipgofe zzz^L+ix. 
Then L«.== « L'^-^L^, and confcq^atntly i Lx^z 

^V^il^i which i$yy (as we hinted feefore;) 

Therefore y f Ljc = y^ and therefore V =: ip. 
That is, the Velocity in a Parabola is^eyery 
where equal to the Velocity in a Cirfle at 4 the 

t3i- 
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Diftance, or in a Circle wfaofe Raditfs is f the 
Diftance from the Focm^ in the Parabola. -Note, 
I lay, whofe Radius is^to\ the Difiance in the Pa- 
r^ala j for the Diftance being univerfally expref- 
fed by J L+atj I here pat the Reditu ;c— t L-\-ix. 

And uoiverlally, if we weipake^: — ^1-*:^ 

4- 

ni I, and fb i^ = ---Vnx. Then will \/n^= 

y y + -^ jand (;onfeqoently uniVjerfallyVrir:: 

ifiD nhx 
y--,H-: : jr. That is, the Velocity iqi th^ 

Parabola will be to the Velocity in a Circle 
(whofe RoShs is » times the Diftance in the 

-g "r— : y. From whence 

particular Cafes njay be deduced at Pleafure.. 

And thus much for this admirable TheorerTf 
^plating to the Vejociti^s of Bodies, together 
w ith ifs CoroUapes. 

F R P B. XII- 

Axjy Point being taken at Liberty in the Axe of 
an EUipfey ^tis re^uirU tofndthe Law of the 
Centripetal Force tending to the fame^ [See 
FIG. XIX. after the Preface.)' 

Y E t the Points s. s. be takea of either Sid? 

Xj the B?ff/« of the Ellipfe, which I raak?to 

"^ JDeSi Then let the Line jP bed riwn, andQ^T 
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jet fall Perpendicular to it, and Qv pawM tQ 
the Tangent PR, iaterfeaing s? in th6.Point Jf, 
Laft{y\ Let Q^ be parallel tos?,stti the IntefT^ 
fi^aion of sP with the Conjugate pC, he in 
the Point O. This being ruppofed with all the 
reft, as at Proh. IX. we haVe here the Triangles 
QT* and PPO, fimiiar to one anothet*, as there 
the Triangles QT;r and FPE wereamilar. So the 

Qjq'is = ^^~-. But the laft Rati^ o{Qx to 

POq 

the Ordinate Qy^h a Ratio of Eqirality i coafe^ 
quently infteadof Qy^we may putOt/^afldfoOX'^ 

f by fubftituting the Value of Qt;^=:- — "' pOi ^ 
from Comcks) will =: ■ ' ^ "^ * Agam, 

the Triangles Pa;^ and POC are iinular ; therc^ 
fore Pa:= •--*7T- i conftquently'^QjR, whidl 

is' rr Pa: froni Parallels, is to be epcpreft'd 

by this' Value. Thferefore the Centripetal 

jpqxQj^ . 
Force, which is Reciprocally as^- ^^ j is as 

/pqx PFqxpvJc^GxCCMxPG . , • 

r. r.::C. r.^ ^ Aud pUttlflg 

BCqxCA'K which is a (landing Quantity) inftead 
of PFqxCD%. and inllead Of vG putting ^PC 5 

by due Reduaiop the Exptcffion fc&ne«t6 3^ 

which gives the Law of the Ceiit;ripi^al Forqr, 
viz.. that 'tis RdciprocaUV^.a^ theSquart ofthe 

Diftance from, thp Point i, divide by the Cpbe 

of 
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of th^ Lia^ PO, intercepted bef weea the Tun- 
geu t PR aad the Line OC, which is Qonjugata 
to PC. JFrom h^nce^ 

C O R. J. 

if th9 Point J coincide with S, theJRww of 
the Eilipfe ^ then the Line PO mllalfo be co- 
incident with PE, which is eqn^l to AC, the 

Semi-tranfverfe Axe. And therefore =;— will 

id tWs G^iNJoine to ^^, or Becauft of CA*, a 

ftanding Qimntity, it will ber^uced to SP\ So 
that the LaW of the Centripetal Force tending 
to the Fifcrn^ js this, that "'tis Reciprocally is 
the Square of^ the TMaacchGrn the Fnm. -. ^^ 

Cor. II. 

If the Pdint j^coincide with C, the Center 
of the mtipfev th^ ^^ and PO alfo d6 both 
coincide with th^ Line PC, which is the Semi- 
Diameter for the Point P, Therefore the Ex- 

^ Pq PCI 

preffion j^- cojnes in this Cafe to -^^ that, 

* *° PC * ^^ *^"* *^ ^^^ °^ ^'^^ Cehlripe- 
Wl Rjrte tending to the Centef of the Ettipfc, 
ii this, that 'tis ditedly as the Diftance from 
the Center. And both tbefeLaws are the fame 
with thofe found hy particular Proqefles before. 

I 



I need not fey, that this done for the ElHpfc 
ibay cafily {mutatis mutandis^ according to the 
Nature of the Curve) be ippiied to the Hyper- 
bola j fo that thejresnoNeedof another Ope- 
ration for that. But becaui^ the Application 
to th^ Parabola pi^y not be quite fo obvious, 
I think it proper to do that by it felf. 

P R O B. XIII. 

Any foint being taken tit Liberty in the Axe 
, of A Vtatdiaky^tM required to find the Lm 
of the Centripetal Force tending to that Point r 
(See FIG. ' XX. after the Preface.) 

LET the Pdint S be taken any where in the 
Axe AS J thro- which Point S" let SO be 
drawA paraflel to the Tangent PR, PO parallel 
to the Axe AS, aadconfequently a Diameter 
for. the Point P. Qj/ an Ordiiu^te to PO, and 
coAfequently parallel to PR, meeting alfoSP 
iq Jf, and PO in v, Laftfyy Let Q.R be parallel 
to SP, and the Lines QTand PF Perpendiculars 
from the Poiiits Q, and P, to the Lines SP an4 
80. This premifed, the Triangle^ QJ* and 

PSF are fimilar. ' Theftfore QJ = ^^* 

But the laft Ratio of Qy to Qy (that is, when 
theP and Q.come together) is a Rath of. £qua< 

lity^ fo that then QJi = ^^^~^. Aad if 

* 

L be the Parameter belonging to the Vertex? 
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f xPt/xPP 

J>, then LxP'V ^Qvq, an<J fo QJ'^ - -' -?• 

But QR is = ?x (from Parallels) = ?^^ 

(from tKe fimilar iTriangles Vxv and PSO.) 

QT^ LxpFqxPO 
Therefore— =:^--- — - * j and confequently 

SPqxQTq 
-^-r- — (which is Reciprocally as the Centri- 

petal Force) is alfo as the Qpantity ^ — |^. ■ / 

And this is the Law of the Centripetal Force tend- 
ing to the Point S taken any w her^ in the Axe. 

Cor. 

Therefore If the Point S coincide witli the 

Focus of the Parabola, PS will bcnPO j for in 

that Cafe'PS will =.SG from the Nature of the 

Parabola, but SG issr PO from Parallels, there- 

LxPF*ixPO 
fore PS=PG. So that the ExpreflSbn 5- 

comes in this Cafe to L^ PFs. But SL being a Per- 
pendicular from the FocHs to the Tangent, PF is 
equal to it, from Parallels ^ and therefore PF^ is 
ever as SP, from the Natureof a Parabola. So 
that LxPFq is ftill as L^SP. But alfo from the 
Nature of the Parabola, L is = 4 SP 5 therefore 
L^SP is ever as SP^uS? that the Centripetal 
Force (tending to the Focw) is ever a!s the Square 
oFthc pittance frbm it, Reciprocally . 

I ana aware that that there may be more ge- 
neral Inveftigationsof the Laws of the Centripe- 
tal Force than the/&, and I am acquainted with 
fomeofthem ^ but what I have here faid is fuf- 
ficient for my Purpofe. 

F I AT T S 



'l 
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E R R.AT A. 

Thi Author* s Ung Ahfince from the Town {occajion'd by 
Jjis Indijpofition) has made it necejfar) to trouble the 
i(ia4cr with fimethhtg more of this CerreSmg Worthy 
than otberwifi' Jhotdd have been thrown fsjm his 
Hands, ^is defired^ that he would candidly f^fs &fer 

■ the foitrnm ^rrata, #r any other that oeeur^ wUch 
have efcaf* a Notice. 

' • ... _ 

P^ ti. thic 2d. read m^\-n» p, 17. !• ;• r. sxxx'-\rddi'^ 
p.20. Uuh. iwAngle ADF. K. B. p. 2%. & 32. The Fi- 
gure JhoiiU fc #r *t«r 4r p. 30r ff 3 2. the Points C mdK^ co- 
inciding, p. 34> t« 4. r. Boint H* Aid, 1. 7. u Plane CH. 
ibid. 1. B. r. Line AH. p. 36. 1. ulu r- Ad and AF. p. 62. 
1. li. r. tfxL. p. 74. !• 13. r. KB. p. 88. 1. i,2.r. after the 
Stroke,theSumof the Momenta is=:6^-H^^. Therefore,©^. 
p, 9$. 1 5. r. Therefore, p. 1 12. 1. 13. n AC. p. 1 1^ K 5. 
r. AG : DC. p. 126. L 4. Proportional, p. 12S. 1. i8..r. 
Pef^mecer. N. B. pi 138. Tfc iJiirr Period is faJfiy put on 
Iks Lcmqm n ^;/, ttl«rc/f^ h hegms vbat foVoms tfter it. 
Ibid* 1. 20» t. *=5 V3C, and D*: ^» : ; 2 RX : arx. p. 1 39, 1. f 
r. $Ri :;:: A% and 2ri=:^*5 lo that A^ : ^^ : : 2Rx : 2ri 5 
and when the Pohita Q,g coincide, or 2R;c:»r,thcii/tjs A*: 
tf2 : : 5 : i • So that the,C?(r. p. 159. 1 t9.V.^i. p. 172.126. 

^^» as 9P ; and beaufe, however the A ngle of Con taft is 

^i4figed»the Subtentb QR k changed alfo in the fubdupQ* 

cate Mm of RP or QT# theriefore 2i^ fliall ever be io the 

QR 

£li»s ^10 of SP» and thefftTare » f ^^^ ^ \ (y^.p.3o?. 

K 19. r. BSssEt p. 205. 1. 1. r. Proh. X. Ibii. 1. 20. r.ES is 

=EL p. i8a. 1. 9, r. and PS. /faX I. 20* r. -rrr-^' 

Nt Bi 9nr after in ff&ftRcoU^m rrnd PSinfiead^PC. 
pr ^3. k If* r. OvxPv. pb 17$. 4^ffi{^ it^ l«tier Qr ^ 
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